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Description
Technical Field

[0001] The presentinvention relates to a capsule-type
medical apparatus, a guidance system and a guidance
method therefor, and an intrasubject insertion apparatus
which is inserted into a body cavity and advances while
rotating.

Background Art

[0002] Capsule-type medical apparatuses that have
spiral ridges, extending along the longitudinal axes,
formed on the outer circumferential surfaces of substan-
tially cylindrical capsules thereof and that include, in the
capsules, permanent magnets whose magnetic poles
are aligned in a direction orthogonal to the longitudinal
axes are well known (refer to, for example, Patent Doc-
ument 1).

In such a capsule-type medical apparatus, the capsule
can be rotated about the longitudinal axis thereof by
drawing upon the property that the permanent magnet
therein rotates so as to align its magnetic-pole direction
in the direction of an external magnetic field produced in
a working space thereof when the external magnetic field
is rotated about the longitudinal axis of the capsule. Since
the spiral ridge is formed on the outer circumferential
surface of the capsule, when the capsule is rotated about
the longitudinal axis thereof while the spiral ridge is in
contact with, for example, tissue outside the capsule, the
rotational motion about the longitudinal axis is converted
into propulsive motion in a direction along the longitudinal
axis by means of the spiral ridge. In this manner, the
capsule can be guided to a desired position using its abil-
ity to move in a direction along the longitudinal axis there-
of.

[0003] Furthermore, capsule-type medical apparatus-
es having, in substantially cylindrical capsules thereof,
permanent magnets whose magnetic poles are aligned
in the direction of the longitudinal axes of the capsules
are also known (refer to, for example, Patent Document
2).

Insuch a capsule-type medical apparatus, the orientation
of the capsule can be changed by moving the permanent
magnet therein so as to orient itself along a direction of
an external magnetic field produced in the working space
of the capsule-type medical apparatus. In addition, the
capsule can be propelled in the direction of the longitu-
dinal axis thereof by changing the external magnetic field
to a gradient magnetic field.

[0004] Furthermore, a known example of an intrasub-
jectinsertion apparatus that is inserted into a body cavity
and advanced while rotating is described in Patent Doc-
ument 3. The intracorporeal guiding device described in
this Patent Document 3 has an inflatable and deflatable
membrane member, constituting a spiral-structured por-
tion, formed on the outer surface of a rotating member
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provided at a front-end portion of an endoscope thereof.
In this intracorporeal guiding device, the above-de-
scribed membrane member is wound so as to extend
obliquely with respect to the center of rotation of the ro-
tating member. By doing so, as the above-described ro-
tating member is rotated, the rotating member is en-
dowed with a propulsion force through a screwing oper-
ation relative to a wall in the lumen, thereby propelling
the front-end portion of the endoscope.

Patent Document 1: Japanese Unexamined Patent
Application, Publication No. 2004-255174

Patent Document 2: Japanese Unexamined Patent
Application, Publication No. 2003-111720

Patent Document 3: Japanese Examined Patent Ap-
plication, Publication No. S60-56488

Disclosure of Invention

[0005] The guidance system of the capsule-type med-
ical apparatus described in Patent Document 2 is prob-
lematic in that the apparatus is complicated because a
three-dimensional gradient magnetic field needs to be
formed with high accuracy in order to appropriately guide
the capsule-type medical apparatus in the body. Further-
more, it is difficult to precisely control the speed and po-
sition of the capsule-type medical apparatus with a tech-
nique producing a propulsion force based on a gradient
magnetic field.

[0006] On the other hand, with the guidance system
of the capsule-type medical apparatus described in Pat-
ent Document 1, since the rotational motion of the cap-
sule is converted into propulsive motion in the direction
of the longitudinal axis through the spiral ridge formed
on the outer circumferential surface of the cylindrical cap-
sule, the propulsion speed and the position of the capsule
can be controlled precisely according to the lead of the
spiral ridge by controlling the rotational speed of the cap-
sule. In addition, the structure of the apparatus can be
made simple because no gradient magnetic field is re-
quired as an external magnetic field but instead a mag-
netic field with uniform intensity is rotated.

However, the capsule-type medical apparatus described
in Patent Document 1 has a disadvantage in that it is not
possible to easily change the orientation thereof in a de-
sired direction since it is designed to advance mainly in
a direction of the longitudinal axis thereof.

[0007] In the intracorporeal guiding device described
in Patent Document 3, when the inflation pressure of the
above-described membrane member becomes high, the
gaps between adjacentridges of the spiral become small,
and the wall in a lumen, such as the intestinal wall, does
not easily creep between ridges of the spiral. For this
reason, the above-described intracorporeal guiding de-
vice experiences poor contact between the membrane
member and the wall in the lumen, which significantly
decreases the propulsion force produced by the screwing
operation. On the other hand, in the above-described in-
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tracorporeal guiding device, when the inflation pressure
of the membrane member becomes low, it is difficult to
maintain the spiral shape, which also reduces the pro-
pulsion force produced by the screwing operation.
[0008] The present invention has been conceived in
light of the above-described circumstances, and an ob-
ject thereof is to provide a capsule-type medical appara-
tus and a guidance system and a guidance method there-
for which allow propulsive motion in a direction along the
longitudinal axis and allow the propulsion direction to be
changed with high accuracy and stability without compli-
cating the guidance system.

[0009] Another object of the presentinvention is to pro-
vide an intrasubject insertion apparatus that can produce
a stable propulsion force by satisfactorily maintaining the
spiral shape of a spiral-structured portion.

[0010] To achieve the above-described objects, the
present invention provides the following solutions.

A capsule-type medical apparatus according to a first
aspect of the present invention is a capsule-type medical
apparatus which is inserted into the body of a subject
and is guided by an external magnetic field. This capsule-
type medical apparatus includes a substantially cylindri-
cal capsule; a propulsion mechanism for converting ro-
tary motion about a longitudinal axis of the capsule into
propulsive motion along the longitudinal axis; a magnet
accommodated inside the capsule and disposed in such
a manner that the magnetic-pole direction thereof can be
switched between a direction along the longitudinal axis
and a direction intersecting the longitudinal axis; and a
securing portion for securing the magnet to the capsule
in each of the switched states of the magnetic-pole di-
rection.

[0011] According to the first aspect of the present in-
vention, by switching the magnetic-pole direction of the
magnet accommodated in the capsule to a direction
along the longitudinal axis of the capsule and holding the
magnet at that position with the securing portion, when
an external magnetic field with an arbitrary direction is
applied, the longitudinal axis of the capsule can be
aligned in a direction along the direction of the external
magnetic field.

Therefore, the capsule can be oriented in a desired di-
rection by changing the direction of the external magnetic
field.

[0012] Furthermore, by switching the magnetic-pole
direction of the magnet to a direction intersecting the lon-
gitudinal axis of the capsule and holding the magnet at
that position with the securing portion, when an external
magnetic field rotating about the longitudinal axis of the
capsule is applied, the capsule can be rotated about the
longitudinal axis. Since the capsule includes the propul-
sion mechanism, when the capsule is rotated about the
longitudinal axis, the capsule moves in a straight line
along the longitudinal axis due to the operation of the
propulsion mechanism. Therefore, the capsule can be
propelled in a direction along the longitudinal axis.

The propulsion mechanism is preferably a spiral mech-
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anism provided on an outer circumferential surface of the
capsule.

[0013] In the above-described aspect, the magnet
may be made of a permanent magnet, and the securing
portion may include an engagement member which is
engaged with the magnet at a location where the mag-
netic poles are oriented in a direction along the longitu-
dinal axis and at a location where the magnetic poles are
oriented in a direction intersecting the longitudinal axis.
By doing so, due to the operation of the securing portion
including the engagement member, the permanent mag-
netcan be heldreliably atalocation where the permanent
magnet is oriented in a direction along the longitudinal
axis or at a location where the permanent magnet is ori-
ented in a direction intersecting the longitudinal axis.
Therefore, the capsule can be switched between direc-
tion changing and propulsive motion. The engagement
member can be disengaged by applying an external force
greater than the engagement force.

[0014] Furthermore, in the above-described aspect,
the magnet may be made of a permanent magnet, and
the securing portion may include a magnetic material
which is held in contact with the magnet at a location
where the magnetic poles are oriented in a direction along
the longitudinal axis and at a location where the magnetic
poles are oriented in a direction intersecting the longitu-
dinal axis.

By doing so, when the permanent magnet is positioned
at a location where the magnetic poles are oriented in a
direction along the longitudinal axis or at a location where
the magnetic poles are oriented in a direction intersecting
the longitudinal axis, the permanent magnet is held at
that position in contact with the securing portion made of
the magnetic material. Therefore, the capsule can be
switched between direction changing and propulsive mo-
tion. The permanent magnet can be detached from the
magnetic material to change the magnetic-pole direction
thereof by applying an external force greater than the
attraction force.

[0015] Furthermore, in the above-described aspect, a
magnetic-pole-direction switching device for switching
the magnetic-pole direction of the magnet may be includ-
ed.

By doing so, with the operation of the magnetic-pole-
direction switching device, the magnetic-pole direction
of the magnet can be switched reliably to freely switch
the capsule between direction changing and propulsive
motion.

[0016] Furthermore, in the above-described aspect,
the magnet may be made of a permanent magnet, the
securing portion may include an electromagnet which is
held in contact with the magnet at a location where the
magnetic poles are oriented in a direction along the lon-
gitudinal axis and at a location where the magnetic poles
are oriented in a direction intersecting the longitudinal
axis, and the magnetic-pole-direction switching device
may include a magnetic-pole switching device for switch-
ing the magnetic poles of the electromagnet.
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By doing so, with the operation of the securing portion
including the electromagnet, the magnet is pulled and
held by attraction at a location where the magnet is ori-
ented in a direction along the longitudinal axis or at a
location where the magnet is oriented in a direction in-
tersecting the longitudinal axis. Furthermore, by switch-
ing the magnetic poles of the electromagnet through the
operation of the magnetic-pole switching device, the
magnet held in contact with the electromagnet can be
detached by a magnetic repulsive force to switch be-
tween the above-described positions easily and reliably.
[0017] Furthermore, in the above-described aspect,
the magnet may be made of a permanent magnet, and
the magnetic-pole-direction switching device may in-
clude a motor for pivoting the magnet about an axis along
a radial direction of the capsule.

By doing so, the capsule can be switched between di-
rection changing and propulsive motion easily and relia-
bly by rotating the magnet made of the permanent mag-
net through the operation of the magnetic-pole-direction
switching device including the motor.

[0018] Furthermore, in the above-described aspect,
the magnet may be made of an electromagnet, and the
securing portion and the magnetic-pole-direction switch-
ing device may include a magnetic-pole switching device
for switching and holding the magnetic poles of the elec-
tromagnet.

By doing so, with the operation of the magnetic-pole
switching device, the magnetic-pole direction of the mag-
net made of the electromagnet can be switched between
the direction along the longitudinal axis of the capsule
and the direction intersecting the longitudinal axis. There-
fore, the capsule can be switched between direction
changing and propulsive motion easily and reliably.
[0019] A capsule-type medical-apparatus guidance
system according to a second aspect of the present in-
vention includes one of the above-described capsule-
type medical apparatuses; a magnetic-field generating
apparatus, disposed outside a working area of the cap-
sule-type medical apparatus, for generating an external
magnetic field which acts on the magnet inside the cap-
sule-type medical apparatus; and a magnetic-field con-
trol apparatus for controlling the external magnetic field
acting on the magnet from the magnetic-field generating
apparatus.

According to the second aspect of the present invention,
the magnet in the capsule can be switched to a direction
along the longitudinal axis of the capsule or a direction
intersecting the longitudinal axis by causing an external
magnetic field to act upon the magnet in the capsule-type
medical apparatus through the operation of the magnetic-
field generating apparatus and by controlling the external
magnetic field using the magnetic-field control appara-
tus, thus allowing the guidance system to selectively car-
ry out direction changing and propulsive motion of the
capsule. As a result, the capsule can be guided in a de-
sired direction accurately.

[0020] In the above-described aspect, a capsule-ori-
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entation detection apparatus for detecting an orientation
of the capsule-type medical apparatus may be included,
and the magnetic-field control apparatus may control the
direction of the external magnetic field at a position of
the capsule-type medical apparatus according to the ori-
entation of the capsule-type medical apparatus detected
by the capsule-orientation detection apparatus.

By doing so, the magnetic-field control apparatus can
determine the direction of the external magnetic field that
is to act upon the magnet in the capsule-type medical
apparatus based on the orientation of the capsule-type
medical apparatus detected through the operation of the
capsule-orientation detection apparatus. Guidance can
be performed in such a manner that if the detected cap-
sule-type medical apparatus is oriented towards the tar-
get position, then the orientation of the magnet is
switched for propulsive motion to perform propulsive mo-
tion, whereas if the detected capsule-type medical ap-
paratus is not oriented towards the target position, then
the orientation of the magnet is switched for direction
changing to change the direction.

[0021] Furthermore, a capsule-type medical-appara-
tus guidance method according to a third aspect of the
present invention is a method for guiding one of the
above-described capsule-type medical apparatuses.
This guidance method includes propelling the capsule-
type medical apparatus in the longitudinal-axis direction
by switching and securing the magnetic-pole direction of
the magnet to the direction intersecting the longitudinal
direction and applying an external magnetic field which
rotates about the longitudinal axis; and changing the pro-
pulsion direction of the capsule-type medical apparatus
by switching and securing the magnetic-pole direction of
the magnet to the direction along the longitudinal axis
and applying an external magnetic field which is gener-
ated in an arbitrary direction.

[0022] According to the third aspect of the present
invention, the capsule-type medical apparatus can be
easily switched between propulsive motion and direction
changing merely by switching the magnetic-pole direc-
tion of the magnet accommodated in the capsule-type
medical apparatus, thereby guiding the capsule-type
medical apparatus with high accuracy.

[0023] An intrasubject insertion apparatus according
to a fourth aspect of the present invention includes an
insertion portion main body for insertion into a subject; a
rotation mechanism for rotating the insertion portion main
body; a spiral-structured portion which converts rotary
motion of the insertion portion main body due to the ro-
tating mechanism into a propulsive force and which is
separated in a diameter direction with respect to an outer
surface of the insertion portion main body; and a spiral-
outer-diameter change-imparting portion for changing a
spiral-outer-diameter of the spiral-structured portion
which is separated in the diameter direction with respect
to the outer surface of the insertion portion main body.
[0024] The intrasubject insertion apparatus according
to the fourth aspect of the present invention can obtain
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a stable propulsion force by ensuring an appropriate spi-
ral shape of the spiral-structured portion.

[0025] The present invention provides an advantage
in that it is possible to easily switch between propulsive
motion along the direction of the longitudinal axis and
changing of the propulsion direction with a simple struc-
ture, thereby performing guidance with high accuracy
and stability.

[0026] Furthermore, since the intrasubject insertion
apparatus according to the present invention obtains a
stable propulsion force by ensuring an appropriate spiral
shape of the spiral-structured portion, it is suitable for
use in medical applications, such as examination, ther-
apy, and treatment of a subject.

Brief Description of Drawings
[0027]

[Fig. 1] Fig. 1 is alongitudinal sectional view in sche-
matic form depicting the structure of a capsule-type
endoscope according to a first embodiment of the
present invention.

[Fig. 2A] Fig. 2Ais a perspective view of the capsule-
type endoscope of Fig. 1, in an advancing mode, for
illustrating the switching of a guidance mode.

[Fig. 2B] Fig. 2B is a perspective view of the capsule-
type endoscope of Fig. 1, in an orientation-changing
mode, for illustrating the switching of a guidance
mode.

[Fig. 3] Fig. 3 is a schematic diagram depicting a
guidance system of a capsule-type endoscope ac-
cording to the first embodiment of the present inven-
tion.

[Fig. 4] Fig. 4 is perspective view of the guidance
system of Fig. 3.

[Fig. 5] Fig. 5 is a vertical sectional view of the guid-
ance system of Fig. 3.

[Fig. 6] Fig. 6 is a graph depicting frequency charac-
teristics of a resonant circuit of the capsule-type en-
doscope of Fig. 1.

[Fig. 7] Fig. 7 is a longitudinal sectional view partially
depicting a first modification of the capsule-type en-
doscope of Fig. 1.

[Fig. 8] Fig. 8 is a magnified cross-sectional view of
a click mechanism of the capsule-type endoscope
shown in Fig. 7.

[Fig. 9A] Fig. 9A is a perspective view of a second
modification of the capsule-type endoscope of Fig. 1.
[Fig. 9B] Fig. 9B is a perspective view of the second
modification of the capsule-type endoscope of Fig. 1.
[Fig. 10] Fig. 10 is a longitudinal sectional view par-
tially depicting the capsule-type endoscope of Fig.
9A and Fig. 9B.

[Fig. 11] Fig. 11 is a longitudinal sectional view of a
modification of the capsule-type endoscope of Fig.
9A and Fig. 9B.

[Fig. 12] Fig. 12 is a perspective view of a third mod-
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ification of the capsule-type endoscope of Fig. 1.
[Fig. 13] Fig. 13 is a perspective view of a fourth
modification of the capsule-type endoscope of Fig. 1.
[Fig. 14A] Fig. 14A is a longitudinal sectional view
for illustrating the operation of a fifth modification of
the capsule-type endoscope of Fig. 1.

[Fig. 14B] Fig. 14B is a longitudinal sectional view
for illustrating the operation of the fifth modification
of the capsule-type endoscope of Fig. 1.

[Fig. 14C] Fig. 14C is a longitudinal sectional view
for illustrating the operation of the fifth modification
of the capsule-type endoscope of Fig. 1.

[Fig. 15A] Fig. 15A is a longitudinal, partial sectional
view for illustrating the operation of a capsule-type
endoscope according to a second embodiment of
the present invention.

[Fig. 15B] Fig. 15B is a longitudinal, partial sectional
view for illustrating the operation of a capsule-type
endoscope according to the second embodiment of
the present invention.

[Fig. 15C] Fig. 15C is a longitudinal, partial sectional
view for illustrating the operation of a capsule-type
endoscope according to the second embodiment of
the present invention.

[Fig. 16] Fig. 16 is a longitudinal sectional view par-
tially depicting a first modification of the capsule-type
endoscope of Fig. 15A to Fig. 15C.

[Fig. 17] Fig. 17 is a longitudinal sectional view par-
tially depicting a second modification of the capsule-
type endoscope of Fig. 15A to Fig. 15C.

[Fig. 18] Fig. 18 is a longitudinal sectional view par-
tially depicting a third modification of the capsule-
type endoscope of Fig. 15A to Fig. 15C.

[Fig. 19A] Fig. 19A is a longitudinal, partial sectional
view for illustrating the operation of a capsule-type
endoscope according to a third embodiment of the
present invention.

[Fig. 19B] Fig. 19B is a longitudinal, partial sectional
view for illustrating the operation of a capsule-type
endoscope according to the third embodiment of the
present invention.

[Fig. 19C] Fig. 19C is a longitudinal, partial sectional
view for illustrating the operation of a capsule-type
endoscope according to the third embodiment of the
present invention.

[Fig. 20] Fig. 20 is a longitudinal sectional view de-
picting a modification of the capsule-type endoscope
of Fig. 19A to Fig. 19C.

[Fig. 21] Fig. 21 is an overall schematic drawing de-
picting the structure of a capsule-medical-apparatus
guidance system according to a fourth embodiment
of the present invention.

[Fig. 22] Fig. 22 is a block diagram depicting in more
detail the structure shown in Fig. 21.

[Fig. 23] Fig. 23 is a schematic diagram depicting
the structure of a magnetic-field generating appara-
tus.

[Fig. 24] Fig. 24 is a side view of the external appear-
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ance of a capsule-type medical apparatus.

[Fig. 25] Fig. 25 is a schematic view of the structure
of a capsule-type medical apparatus.

[Fig. 26] Fig. 26 illustrates how the spiral-outer-di-
ameter of a spiral-structured portion changes as a
capsule rear-end portion rotates.

[Fig. 27] Fig. 27 is a schematic view of a first modi-
fication of the capsule-type medical apparatus of Fig.
25.

[Fig. 28] Fig. 28 is a schematic view of a second
modification of the capsule-type medical apparatus
of Fig. 25.

[Fig. 29] Fig. 29 illustrates a capsule-type medical
apparatus according to a fifth embodiment of the
present invention.

[Fig. 30] Fig. 30 is a schematic view of the structure
of the capsule-type medical apparatus of Fig. 29.
[Fig. 31] Fig. 31 illustrates a capsule-type medical
apparatus according to a sixth embodiment of the
present invention.

[Fig. 32] Fig. 32 illustrates how the spiral-outer-di-
ameter of a spiral-structured portion changes as a
balloon is inflated or deflated.

[Fig. 33] Fig. 33 illustrates a capsule-type medical
apparatus with an inflated balloon.

[Fig. 34] Fig. 34 is a schematic view of a first modi-
fication of the capsule-type medical apparatus of Fig.
31.

[Fig. 35] Fig. 35 is a schematic view of a second
modification of the capsule-type medical apparatus
of Fig. 31.

[Fig. 36] Fig. 36 is a schematic view of a third mod-
ification of the capsule-type medical apparatus of
Fig. 31.

[Fig. 37] Fig. 37 illustrates a capsule-type medical
apparatus according to a seventh embodiment of the
present invention.

[Fig. 38] Fig. 38 is a schematic view of the structure
of the capsule-type medical apparatus of Fig. 37.
[Fig. 39] Fig. 39 illustrates a modification of the cap-
sule-type medical apparatus of Fig. 37.

[Fig. 40] Fig. 40 is a schematic view of the structure
of the capsule-type medical apparatus of Fig. 39.
[Fig. 41] Fig. 41 illustrates an endoscope insertion
portion according to an eighth embodiment of the
present invention.

[Fig. 42] Fig. 42 is a schematic view of the structure
of the endoscope insertion portion of Fig. 31.

Explanation of Reference Signs:
[0028]

A: subject

M: external magnetic field

R: longitudinal axis

201, 201’, 201": capsule-type endoscope (capsule-
type medical apparatus)
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202: capsule

205, 205’, 205": permanent magnet (magnet)
205a: indentation (engagement member)

207: spiral portion (spiral mechanism, propulsion
mechanism)

212: rotation axis (securing portion)

213: stopper (securing portion)

214: click mechanism (engagement member: secur-
ing portion)

214a: ball (engagement member)

214a’: shaft (engagement member)

215: clutch device (securing portion)

216: motor (magnetic-pole-direction switching de-
vice)

217: electromagnet

230: guidance system

250A: position-detecting apparatus (capsule-orien-
tation detection apparatus)

271: three-axis Helmholtz-coil unit (magnetic-field
generating apparatus)

273: magnetic-field control apparatus

1: capsule-type-medical-apparatus guidance sys-
tem

3: capsule-type medical apparatus

4: capsule control apparatus

5: magnetic-field generating apparatus

6: AC power supply unit

8: magnet

22: imaging element

23: illuminating element

30: motor

41: front-end cover

42: capsule main body

43: capsule rear-end portion

44: spiral-structured portion

45: bearing

Best Mode for Carrying Out the Invention
First Embodiment

[0029] A capsule-type endoscope (capsule-type med-
ical apparatus) 201 according to a first embodiment of
the present invention will now be described with refer-
ence to Fig. 1, Fig. 2A, and Fig. 2B.

As shown in Fig. 1, the capsule-type endoscope 201 ac-
cording to this embodiment includes a capsule 202; an
imaging section 203 which is accommodated in the cap-
sule 202 and captures an image of the internal surface
of a passage in the body cavity of a subject; an induced-
magnetic-field generating section 204; and a permanent
magnet (magnet) 205.

[0030] The capsule 202 includes a cylindrical capsule
main body 206 (hereinafter, referred to just as the main
body) having a central axis aligned with a longitudinal
axis R ofthe capsule-type endoscope 201; a transparent,
hemispherical front-end portion 206a covering the front
end of the main body 206; and a hemispherical rear-end
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portion 206b covering the rear end of the main body 206.
The capsule 202 constitutes a capsule container that is
sealed water tight.

[0031] In addition, a spiral portion (spiral mechanism,
propulsion mechanism) 207 formed by spirally winding
a wire, circular in sectional view, about the longitudinal
axis R is provided on the outer circumferential surface of
the main body 206 of the capsule 202. By doing so, when
the main body 206 is rotated about the longitudinal axis
R, the main body 206 moves in a straightline in a direction
along the longitudinal axis R by a displacement deter-
mined according to the lead of the spiral portion 207.
[0032] The imaging section 203, opposing the front-
end portion, includes an image sensor 208 for capturing
an image of the internal surface of a passage in the body
cavity of the subject and LEDs (Light Emitting Diodes)
209 for illuminating the internal surface of a passage in
the body cavity. Reflected light from the internal surface
of a passage in the body cavity illuminated by the oper-
ation of the LEDs 209 can be acquired as an image by
the image sensor 208.

[0033] For the image sensor 208, for example, a
CMOS (Complementary Metal Oxide Semiconductor) or
a CCD can be used.

A plurality of the LEDs 209 is arranged at intervals in the
circumferential direction about the longitudinal axis R on
a support member 209a disposed adjacent to the front-
end portion 206a.

[0034] The induced-magnetic-field generating section
204 is a resonant circuit including a magnetic induction
coil 210 and a capacitor 211 connected to each other,
and is made to resonate by supplying an external AC
magnetic field with a predetermined frequency. A mag-
netic core (not shown in the figure) is disposed in the
magnetic induction coil 210. For the magnetic core, a
magnetic material is suitable, as well as a ferrite. For
example, iron, nickel, permalloy, or cobalt can be used.
The magnetic core produces an AC magnetic field with
large amplitude used for position detection.

[0035] As shown in Fig. 1, Fig. 2A, and Fig. 2B, the
permanent magnet 205 is shaped like a column slightly
smaller than the inner diameter of the main body 206 of
the capsule 202. One semicylindrical half thereof is mag-
netized as the north pole, and the other semicylindrical
half thereof is magnetized as the south pole. Further-
more, the permanent magnet 205 is mounted on an inner
surface of the main body 206 with a rotation axis 212
passing in the diametral direction through the boundary
between the north pole and the south pole. The perma-
nent magnet 205 is rotatably mounted on the rotation
axis 212.

The permanent magnet 205 and the rotation axis 212 are
fitted to each other so as to produce a predetermined
frictional force therebetween.

[0036] A stopper 213 is disposed adjacent to the per-
manent magnet 205. The stopper 213 is disposed so as
to abut against a side surface of the permanent magnet
205 to prevent the permanent magnet 205 from rotating
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any further when the magnetic poles of the permanent
magnet 205 are aligned in the direction of the longitudinal
axis R (as shown in Fig. 2B) and in a direction orthogonal
to the longitudinal axis R (as shown in Fig. 2A) as a result
of the permanent magnet 205 rotating about the rotation
axis 212.

[0037] Next, a guidance system 230 and a guidance
method of a capsule-type endoscope according to one
embodiment of the present invention will be described
with reference to Fig. 3 to Fig. 6.

As shown in Fig. 3, the guidance system 230 according
to this embodiment includes the above-described cap-
sule-type endoscope 201, which is introduced into the
body cavity of a subject, per oral or per anus, to optically
image the internal surface of a passage in the body cavity
and wirelessly transmit an image signal; a position de-
tection system 250 for detecting the position of the cap-
sule-type endoscope 201; a magnetic guidance appara-
tus 270 for guiding the capsule-type endoscope 201
based on the detected position of the capsule-type en-
doscope 201 and operator commands; and an image dis-
play apparatus 280 for displaying an image signal trans-
mitted from the capsule-type endoscope 201.

[0038] As shown in Fig. 3, the magnetic guidance ap-
paratus 270 includes a three-axis Helmholtz-coil unit
(magnetic-field generating apparatus) 271 that produces
a parallel external magnetic field (substantially uniform
magnetic field) M for driving the capsule-type endoscope
201; a Helmholtz-coil driver 272 that controls the gain of
electric currents supplied to the three-axis Helmholtz-coil
unit 271; a magnetic-field control circuit 273 that controls
the direction of the parallel magnetic field for driving the
capsule-type endoscope 201; and an input device 274
for outputting to the magnetic-field control circuit 273 the
direction of movement of the capsule-type endoscope
201 that has been input by the operator. In addition, a
propulsion mode or an orientation-changing mode can
be selected as the guidance mode of the capsule-type
endoscope 201 in the input device 274.

[0039] AsshowninFig.3toFig.5, the three-axis Helm-
holtz-coil unit 271 is formed in a substantially rectangular
shape. Furthermore, the three-axis Helmholtz-coil unit
271 includes three pairs of mutually opposing Helmholtz
coils 271X, 271Y, and 271Z, and each pair of Helmholtz
coils 271X, 271Y, and 271Z is disposed so as to be sub-
stantially orthogonal to the X, Y, and Z axes in Fig. 3.
The Helmholtz coils disposed substantially orthogonally
to the X, Y, and Z axes are denoted as the Helmholtz
coils 271X, 271Y, and 271Z, respectively.

[0040] The Helmholtz coils 271X, 271Y, and 271Z are
disposed so as to form a rectangular space therein. As
shown in Fig. 3, the rectangular space serves as a work-
ing space of the capsule-type endoscope 201 and, as
shown in Fig. 4 and Fig. 5, is the space in which a subject
A is placed.

Furthermore, although the coils are denoted as the Helm-
holtz coils 271X, 271Y, and 271Z in this embodiment,
the coils may be rectangular coils as shown in Fig. 3 to
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Fig. 5, and itis not necessary for the coils to strictly satisfy
Helmholtz-coil conditions.

[0041] The Helmholtz-coil driver 272 includes Helm-
holtz-coil drivers 272X, 272Y, and 272Z that control the
Helmholtz coils 271X, 271Y, and 271Z, respectively.
Data indicating the direction in which the capsule-type
endoscope 201 is currently pointing (direction of the lon-
gitudinal axis R of the capsule-type endoscope 201) is
supplied to the magnetic-field control circuit 273 from a
position-detecting apparatus 250A of the position detec-
tion system 250. Furthermore, data indicating the guid-
ance mode and direction-of-movement instructions for
the capsule-type endoscope 201 that have been input
by the operator using the input device 274 are also sup-
plied to the magnetic-field control circuit 273.

[0042] When the magnetic-field control circuit 273 re-
ceives data about the guidance mode, the magnetic-field
control circuit 273 momentarily produces an external
magneticfield M for switching the magnetic-pole direction
of a permanent magnet 245 based on the direction data
of the capsule-type endoscope 201. More specifically,
when guidance mode data indicating the advancing
mode is input, the magnetic-field control circuit 273 mo-
mentarily causes the Helmholtz coil unit 271 to produce
the external magnetic field M in a direction orthogonal to
the longitudinal axis R of the capsule 202, as shown in
Fig. 2A, to reorient the permanent magnet 245 in a di-
rection orthogonal to the capsule longitudinal axis R. Fur-
thermore, when guidance mode data indicating the ori-
entation-changing mode is input, the magnetic-field con-
trol circuit 273 momentarily causes the Helmholtz coil
unit 271 to produce an external magnetic field M in a
direction along the longitudinal axis R of the capsule 202,
as shown in Fig. 2B, to reorient the permanent magnet
245 in a direction along the longitudinal axis R of the
capsule 202.

[0043] From the magnetic-field control circuit 273, a
signal for controlling the Helmholtz-coil drivers 272X,
272Y, and 272Z is output according to the guidance
mode, and rotation phase data of the capsule-type en-
doscope 201 is output to the image display apparatus
280.

[0044] As the input device 274, an input device for
specifying the direction of movement of the capsule-type
endoscope 201 by operating a joystick is used.

As mentioned above, the input device 274 may be a joy-
stick-type device. Alternatively, another type of input de-
vice may be used, such as an input device that specifies
the direction of movement by pushing direction-of-move-
ment buttons.

[0045] As shown in Fig. 3, the position detection sys-
tem 250 includes drive coils 251 that produce an induced
magnetic field in the magnetic induction coil 210 in the
capsule-type endoscope 201; sense coils 252 that detect
the induced magnetic field generated in the magnetic in-
duction coil 210; and the position-detecting apparatus
250A that computes the position of the capsule-type en-
doscope 201 based on the induced magnetic field de-
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tected by the sense coils 252 and that controls the AC
magnetic field formed by the drive coils 251.

[0046] Between the position-detecting apparatus
250A and the drive coils 251, there are provided a sine-
wave generating circuit 253 that produces an AC current
based on the output from the position-detecting appara-
tus 250A; a drive-coil driver 254 that amplifies the AC
current input from the sine-wave generating circuit 253
based on the output from the position-detecting appara-
tus 250A; and a drive-coil selector 255 that supplies the
AC current to drive coils 251 selected based on the output
from the position-detecting apparatus 250A.

[0047] Between the sense coils 252 and the position-
detecting apparatus 250A, there are provided a sense
coil selector 256 that selects an AC current including, for
example, position information of the capsule-type endo-
scope 201 from the sense coils 252 based on the output
from the position-detecting apparatus 250A; and a
sense-coil receiving circuit 257 that extracts an amplitude
value from the above-described AC current that has
passed through the sense coil selector 256 and outputs
it to the position-detecting apparatus 250A.

[0048] AsshowninFig. 3, theimage display apparatus
280 includes an image receiving circuit 281 that receives
images transmitted from the capsule-type endoscope
201 and a display section (display means, image control
means) 282 that displays images based on received im-
age signals and signals from the magnetic-field control
circuit 273.

[0049] The operation of the capsule-type endoscope
201 according to this embodiment, with the above-de-
scribed structure, and the guidance system 230 therefor
will be described below.

As shown in Fig. 4, in order to examine the interior of the
body cavity of the subject A using the capsule-type en-
doscope 201 and the guidance system 230 therefor ac-
cording to this embodiment, the capsule-type endoscope
201 is inserted, per oral or per anus, into the body cavity
of the subject A who is lying down inside the position
detection system 250 and the magnetic guidance appa-
ratus 270. The position of the capsule-type endoscope
201 is detected by the position detection system 250,
and the capsule-type endoscope 201 is guided to the
vicinity of an affected area in a passage of the body cavity
of the subject A by the magnetic guidance apparatus 270.
The capsule-type endoscope 201 images the internal
surface of the passage in the body cavity while being
guided to the affected area and in the vicinity of the af-
fected area. Then, data for the imaged internal surface
of the passage in the body cavity and data for the vicinity
of the affected area are transmitted to the image display
apparatus 280. The image display apparatus 280 dis-
plays the transmitted images on the display section 282.
[0050] AsshowninFig.3,inthe position detection sys-
tem 250, first the sine-wave generating circuit 253 gen-
erates an AC current based on the output from the posi-
tion-detecting apparatus 250A, and the AC current is out-
put to the drive-coil driver 254. The frequency of the gen-
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erated AC current s in a frequency range from a few kHz
to 100 kHz.

[0051] The AC current is amplified in the drive-coil
driver 254 based on a command from the position-de-
tecting apparatus 250A and is output to the drive-coll
selector 255. The amplified AC current is supplied to the
drive coils 251 that are selected in the drive-coil selector
255 by the position-detecting apparatus 250A. Then, the
AC current supplied to the drive coils 251 produces an
AC magnetic field in the working space of the capsule-
type endoscope 201.

[0052] In the magnetic induction coil 210 of the cap-
sule-type endoscope 201 disposed in the produced AC
magnetic field, an induced electromotive force is gener-
ated by the AC magnetic field, thereby causing an induc-
tion current to flow. When the induction current flows in
the magnetic induction coil 210, induced magnetism oc-
curs, thereby producing an AC magnetic field.
Furthermore, since the magnetic induction coil 210 con-
stitutes a resonant circuit together with the capacitor 211,
when the period of the AC magnetic field coincides with
the resonant frequency of the resonant circuit, a larger
amount of induction current flows in the resonant circuit
(the magnetic induction coil 210), and accordingly, the
produced AC magnetic field becomes intense. In addi-
tion, since a core member composed of dielectric ferrite
is disposed in the center of the magnetic induction coil
210, the magnetic flux is more easily concentrated in the
core member, which causes the produced AC magnetic
field to be even more intense.

[0053] The induced AC magnetic field generates an
induced electromotive force in the sense coils 252, and
thereby an AC voltage (magnetic information) including,
for example, position information of the capsule-type en-
doscope 201 is generated in the sense coils 252. This
AC voltage is input to the sense-coil receiving circuit 257
via the sense coil selector 256, and the amplitude value
of the AC voltage is extracted.

The sense-coil receiving circuit 257 stores an amplitude
value corresponding to one period during which a sine-
wave signal generated in the sine-wave generating circuit
253 is swept close to the resonance frequency of the
resonance circuit, and outputs the amplitude value for
one period at a time to the position-detecting apparatus
250A.

[0054] As shown in Fig. 6, the above-described ampli-
tude value of the AC voltage changes greatly depending
onthe relationship between the AC magnetic field formed
by the drive coils 251 and the resonant frequency of the
resonant circuit 204. In Fig. 6, the horizontal axis repre-
sents the frequency of the AC magnetic field, and the
vertical axis represents variations in gain (dBm) and
phase (degree) of the AC voltage carried in the resonant
circuit 204. The variation in gain, indicated by the solid
line, exhibits a maximum value at a frequency smaller
than the resonance frequency, becomes zero at the res-
onance frequency, and exhibits a minimum value at a
frequency higher than the resonance frequency. Also, it
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is shown that the variation in phase, indicated by the bro-
ken line, drops most at the resonance frequency.
Depending on the measurement conditions, there may
be cases where the gain exhibits a minimum value at a
frequency lower than the resonance frequency and ex-
hibits a maximum value at a frequency higher than the
resonance frequency, and where the phase reaches a
peak at the resonance frequency.

[0055] The position-detecting apparatus 250A as-
sumes the amplitude difference between the maximum
value and the minimum value of the amplitude value in
the vicinity of the resonance frequency to be the output
from the sense coils 252. Then, the position-detecting
apparatus 250A calculates the position and so forth of
the capsule-type endoscope 201 by solving simultane-
ous equations involving the position, orientation, and
magnetic field strength of the capsule-type endoscope
201 based on the amplitude difference obtained from the
plurality of sense coils 252.

Thus, by assuming the output of the sense coils 252 to
be the amplitude difference in this way, it is possible to
cancel variations in amplitude that originate from varia-
tions in the magnetic field intensity due to environmental
conditions (e.g., temperature), and itis therefore possible
to obtain the position of the capsule-type endoscope 201
with a reliable degree of accuracy without being affected
by environmental conditions.

[0056] The position-detecting apparatus 250A informs
the drive-coil driver 254 of the amplification factor of the
AC current supplied to the drive coils 251 based on the
position of the capsule-type endoscope 201 obtained by
calculation. This amplification factor is set so that the
induced magnetic field produced by the magnetic induc-
tion coil 210 can be detected by the sense coils 252.
Also, the position-detecting apparatus 250 selects drive
coils 251 for producing magnetic fields and instructs the
drive-coil selector 255 to supply the AC current to the
selected drive coils 251.

[0057] As shown in Fig. 3, in the magnetic guidance
apparatus 270, first the operator selects the guidance
mode of the capsule-type endoscope 201 for the mag-
netic-field control circuit 273 using the input device 274.
If the advancing mode is selected as the guidance mode,
a relatively large external magnetic field M is formed mo-
mentarily in a direction orthogonal to the direction of the
longitudinal axis R of the capsule 202 detected by the
position detection system 250. By doing so, a torque ex-
ceeding the static frictional force between the permanent
magnet 205 and the rotation axis 212 is produced in the
permanent magnet 205, which hence rotates about the
rotation axis 12 to align its magnetic poles in the direction
orthogonal to the longitudinal axis R, as shown in Fig.
2A. The permanent magnet 205 abuts against the stop-
per 213 and stops when its magnetic poles are aligned
in the direction orthogonal to the longitudinal axis R and
is held still due to a static frictional force between itself
and the rotation axis 212.

[0058] When the operator specifies a direction of
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movement using the input device 274 in this state, the
direction and rotation direction of the external magnetic
field M to be applied to the capsule-type endoscope 201
are determined by the operation of the magnetic-field
control circuit 273 based on the specified direction of
movement and the orientation of the capsule-type endo-
scope 201 (direction of the longitudinal axis R) input from
the position-detecting apparatus 250A.

Then, the intensity of a magnetic field to be generated
by each of the Helmholtz coils 271X, 271Y, and 271Z
required to achieve the above-described direction of the
external magnetic field M is calculated, and current val-
ues required to produce these external magnetic fields
M are calculated.

[0059] Dataon currents supplied to the Helmholtz coils
271X, 271Y, and 271Z is output to the corresponding
Helmholtz-coil drivers 272X, 272Y, and 272Z, and the
Helmholtz-coil drivers 272X, 272Y, and 272Z amplify and
control the currents based on the input data and supply
the currents to the corresponding Helmholtz coils 271X,
271Y, and 271Z.

The Helmholtz coils 271X, 271Y, and 271Z to which the
currents are supplied produce magnetic fields according
to the respective current values, and by combining these
magnetic fields, a parallel external magnetic field M hav-
ing the magnetic-field direction determined by the mag-
netic-field control circuit 273 is produced.

[0060] Also, by controlling the rotation period of the
above-described external magnetic field M to be from
about 0 Hz to a few Hz and controlling the rotation direc-
tion of the external magnetic field M, the rotation direction
about the longitudinal axis R of the capsule-type endo-
scope 201 is controlled. As a result, the permanent mag-
net 205 is oriented in a direction along the rotating exter-
nal magnetic field M, and the capsule 202 in which the
permanent magnet 205 is installed is rotated about the
longitudinal axis R. Then, the rotational motion about the
longitudinal axis R of the capsule 202 is converted into
translatory movement along the longitudinal axis R
through the operation of the spiral portion 207 provided
on the outer circumferential surface of the capsule 202,
and the capsule-type endoscope 201 is propelled in a
direction specified via the input device 74 at a speed de-
termined by the rotational speed of the external magnetic
field M and the lead of the spiral portion 7.

[0061] If the external magnetic field M formed when
the advancing mode is selected as the guidance mode
has a direction along the rotation axis 212 or is oriented
in a direction opposite to the radial direction, the perma-
nent magnet 205 is not rotated. To avoid this, the phase
about the longitudinal axis R of the capsule 202 should
be obtained by, for example, processing an image ac-
quired by theimage sensor 208 and, based on this phase,
the direction in which the external magnetic field M is
applied can be determined.

[0062] On the other hand, if the orientation-changing
mode is selected as the guidance mode, arelatively large
external magnetic field M is formed momentarily in a di-
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rection along the direction of the longitudinal axis R of
the capsule 202 detected by the position-detecting ap-
paratus 250A. By doing so, a torque exceeding the static
frictional force between the permanent magnet 205 and
the rotation axis 212 is produced in the permanent mag-
net 205, which hence rotates about the rotation axis 212
to align its magnetic poles in the direction along the lon-
gitudinal axis R, as shown in Fig. 2B. The permanent
magnet 205 abuts against the stopper 213 and stops
when its magnetic poles are aligned in the direction along
the longitudinal axis R and is held still due to a static
frictional force between itself and the rotation axis 212.
[0063] Thereafter, the capsule 202 is subjected to a
rotary force to reorient itself by gradually changing the
angle of the external magnetic field M formed in the di-
rection along the longitudinal axis R of the capsule 202
based on the input from the input device 274.
Switching the guidance mode from the advancing mode
to the orientation-changing mode can be performed eas-
ily by changing the magnetic-pole direction of the perma-
nent magnet 205. This can be done merely by applying
the external magnetic field M in the direction along the
longitudinal axis R of the capsule 202, irrespective of the
orientation of the permanent magnet 205.

[0064] In the capsule-type endoscope 201, the image
sensor 208, which is mounted therein, acquires an image
of the internal surface of a passage in the body cavity of
the subject A illuminated with the LEDs 209, and the ac-
quired image is transmitted to the image display appa-
ratus 280.

In the image display apparatus 280, the image receiving
circuit 281 receives image information transmitted from
the capsule-type endoscope 201, and the receivedimage
information is displayed on the display section 282.
[0065] Furthermore, if the guidance mode is the ad-
vancing mode, the display section 282, before displaying
the above-described image signal, performs rotation
processing on the image signal in the opposite direction
to the rotation direction of the capsule-type endoscope
201, based on data about the rotation phase of the cap-
sule-type endoscope 201 input from the magnetic-field
control circuit 273. By doing so, it is possible to display
on the display section 282 an image that is always fixed
at a predetermined rotational phase, in other words, an
image in which the capsule-type endoscope 201 appears
to travel along the longitudinal axis R without rotating
about the longitudinal axis R, regardless of the rotational
phase of the capsule-type endoscope 201.

[0066] Accordingly, when the operator is to guide the
capsule-type endoscope 201 in the advancing mode
while observing the image displayed on the display sec-
tion 282, the image is easy to observe and, therefore,
the capsule-type endoscope 201 can easily be guided to
a predetermined location in the case where the image is
presented as an image fixed at a predetermined rotation-
al phase, as described above, compared to the case
where the image is displayed as an image that rotates
along with the rotation of the capsule-type endoscope
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201.

[0067] As described above, according to the capsule-
type endoscope 201 and the guidance system 230 there-
for of this embodiment, the magnetic-pole direction of the
built-in permanent magnet 205 can be changed to enter
the advancing mode or the orientation-changing mode
merely by applying the external magnetic field M of a
particular direction to the capsule-type endoscope 201.
Therefore, in the advancing mode, the capsule-type en-
doscope 201 can be advanced with high accuracy in the
direction of the longitudinal axis R, whereas, in the ori-
entation-changing mode, the capsule-type endoscope
201 can be oriented with high stability in a desired direc-
tion. As a result, the capsule-type endoscope 201 can
be guided in the body of the subject A with high accuracy
and stability to perform desired examination.

[0068] In this embodiment, the securing portion of the
permanent magnet 205 was achieved by the static fric-
tional force between the permanent magnet 205 itself
and the rotation axis 212 that rotatably supports the per-
manent magnet 205. Alternatively, as shown in Fig. 7
and Fig. 8, it is possible to form an indentation 205a in
the permanent magnet 205 and to provide a click mech-
anism 214 composed of a spring 214b and a ball 214a
thatis broughtinto engagement with the indentation 205a
in the permanent magnet 205 at two locations corre-
sponding to the advancing mode and the orientation-
changing mode, respectively. By doing so, each guid-
ance mode can be retained more reliably.

[0069] Alternatively, as shown in Fig. 9A, Fig. 9B and
Fig. 10, a columnar member whose center is aligned with
the rotation axis 212 may be employed as the permanent
magnet 205. By doing so, it is sufficient to provide the
click mechanism 214 composed of the ball 214a and the
spring 214b only at a single location, though the inden-
tation 205a is provided at two locations separated by 90°
from each other along the circumferential surface of the
permanent magnet 205.

[0070] Furthermore, as shown in Fig. 11, the two in-
dentations 205a may be formed more deeply, a groove
205b that links the indentations 205a in the circumferen-
tial direction may be provided, and a shaft 214a’ may be
provided instead of the ball 214a. By doing so, when the
tip of the shaft 214a’ is fitted in the indentation 205a, the
shaft 214a’ abuts against the inner wall of the groove
205b, thus preventing further rotation of the permanent
magnet 205. The working area of the permanent magnet
205 can be limited to within a range of 90° in this manner.
[0071] Although the columnar permanent magnet 205
is employed, a spherical permanent magnet (not shown
in the figure) may be employed instead. By doing so, the
volume of the permanent magnet can be increased so
that the permanent magnet can produce a larger mag-
netic force. As a result, the intensity of the external mag-
netic field M for driving the capsule-type endoscope 201
can be reduced, which helps reduce the size of the mag-
netic-field generating apparatus 271 disposed outside
the subject’s body. In addition, although the ball 214a or
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the shaft 214a’ which is urged by the coil spring 214b is
fitted in the indentation 205a formed on the permanent
magnet 205, a protrusion (not shown in the figure) pro-
vided on a leaf spring (not shown in the figure) may be
fitted in the indentation 205a instead.

[0072] Alternatively, a clutch mechanism 215 may be
provided between the capsule 202 and the permanent
magnet 205, as shown in Fig. 12. The clutch mechanism
215is normally turned off to prevent the permanent mag-
net 205 from rotating. At the time of switching the guid-
ance mode, the clutch mechanism 215 is turned on to
allow the permanent magnet 205 torotate freely. By doing
s0, securing the permanent magnet 205 to the capsule
202 and releasing the permanent magnet 205 from the
capsule 202 can be carried out more reliably, which is
advantageous in switching the guidance mode smoothly.
In addition, normally setting the clutch mechanism 215
to off saves the battery.

[0073] In addition, the permanent magnet 205 may be
allowed to freely rotate about the rotation axis 212, and
furthermore, the stopper 213, in Fig. 1, Fig. 2A, and Fig.
2B, that abuts against the permanent magnet 205 as the
securing portion of the permanent magnet 205 may be
formed of a magnetic material. By doing so, when the
permanent magnet 205 rotates and abuts against the
stopper 213 when switching the guidance mode, the per-
manent magnet 205 comes into close contact with the
stopper 213, which is made of a magnetic material, and
is thus securely held in each state. On the other hand,
when the guidance mode is to be switched to enter the
other mode, the permanent magnet 205 can be rotated
by applying an external magnetic field M that can produce
a torque overwhelming the magnetic attraction force be-
tween the permanent magnet 205 and the stopper 213.
[0074] Furthermore, although the magnetic-pole direc-
tion of the permanent magnet 205 is changed through
the operation of the external magnetic field M in the cap-
sule-type endoscope 201 according to this embodiment,
an actuator for changing the magnetic-pole direction of
the permanent magnet 205 may be provided in the cap-
sule 202 instead. For this actuator, for example, a motor
216 that operates in response to an external command
signal may be provided on the rotation axis 212 of the
permanent magnet 204, as shown in Fig. 13, so that the
permanent magnet 205 is rotated through the operation
of the motor 216 to switch the magnetic-pole direction.
[0075] Furthermore, for example, as shownin Fig. 14A
to Fig. 14C, an electromagnet 217 that abuts against the
permanent magnet 205 may be provided as the stopper,
so that the magnetic-pole direction of the permanent
magnet 205 may be changed by changing the magnetic
pole of the region that abuts against the permanent mag-
net 205. A magnetic-pole-direction switching device (not
shown in the figure) for switching the magnetic-pole di-
rection of the electromagnet 217 in response to an ex-
ternal command signal is connected to the electromagnet
217.

[0076] In the example shown in Fig. 14A to Fig. 14C,
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when the advancing mode is selected, the corresponding
magnetic pole of the electromagnet 217 is set to the south
pole so that the north pole of the permanent magnet 205
is pulled into contact with the electromagnet 217, as
shown in Fig. 14A. By doing so, the permanent magnet
205 is fixed so as to align its magnetic poles in a direction
orthogonal to the longitudinal axis of the capsule 202.
Once the magnetic poles of the permanent magnet 205
have been fixed, the electromagnet 217, serving as a
magnetic object, can be held in contact with the perma-
nent magnet 205 by turning off the power to the electro-
magnet 217. By doing so, battery consumption can be
suppressed.

[0077] Onthe other hand, when the orientation-chang-
ing mode is selected, as shown in Fig. 14B, the magnetic
pole of the electromagnet 217 that firmly holds the north
pole of the permanent magnet 205 is changed to a north
pole. As a result, a magnetic repulsive force between the
permanent magnet 205 and the electromagnet 217 is
generated, thus rotating the permanent magnet 205
away from the electromagnet 217.

[0078] Immediately, the south pole of the permanent
magnet 205 is pulled into contact with the electromagnet
217 by setting the other magnetic pole of the electromag-
net 217 to a north pole, as shown in Fig. 14C. By doing
so, the permanent magnet 205 is held in a state where
the magnetic poles are aligned in a direction along the
longitudinal axis R of the capsule 202. Therefore, the
magnetic-pole direction of the permanent magnet 205
can be changed more easily and reliably to switch the
guidance mode quickly.

[0079] Furthermore, although, in this embodiment, the
magnetic-pole direction of the permanent magnet 205 in
the advancing mode is aligned in a direction orthogonal
to the longitudinal axis R, the magnetic-pole direction
may be setin a direction intersecting the longitudinal axis
R at an angle smaller than 90°.

At the time of switching from the orientation-changing
mode to the advancing mode, the direction of the external
magnetic field M is set based on an image acquired by
the image sensor 208. Alternatively, the magnetic-pole
direction of the permanent magnet 205 in the orientation-
changing mode may be set in a direction slightly angled
towards the advancing mode from the direction along the
longitudinal axis R. By doing so, an arbitrarily applied (or
revolving) external magnetic field M orthogonal to the
longitudinal axis R can produce a slight rotating torque,
which causes the rotation axis 212 to be moved until it
becomes orthogonal to the external magnetic field M so
that switching to the advancing mode in the permanent
magnet 205 can be carried out easily.

Second Embodiment

[0080] Next, a capsule-type endoscope according to
a second embodiment of the present invention will be
described with reference to Fig. 15A to Fig. 15C.

As shown in Fig. 15A to Fig. 15C, a capsule-type endo-
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scope 201’ according to this embodiment includes a fan-
shaped permanent magnet 205’ having an arc-shaped
portion 205¢ and a central angle of 90°; and a casing 218
accommodating the permanent magnet 205’

[0081] Thecasing218includes wall surfaces 218athat
are made of magnetic materials so as to hold by attraction
the arc-shaped surface 205c¢ of the permanent magnet
205 and the two side surfaces having the arc-shaped
portion 205cinterposed therebetween; and a wall surface
218b made of another nonmagnetic material.

The permanent magnet 205’ has one side surface mag-
netized as a north pole and has the arc-shaped portion
magnetized as a south pole. As a result, as shown in Fig.
15A, while one side surface of the permanent magnet
205’ is held in contact with one wall surface 218a, the
magnetic poles of the permanent magnet 205 are
aligned in a direction along the longitudinal axis R of the
capsule 202, and therefore, the guidance mode is set to
the orientation-changing mode. Furthermore, when the
arc-shaped portion 205c rolls in contact with one wall
surface 218a, as shown in Fig. 15B, and the other side
surface is held in contact with another wall surface 218a,
as shown in Fig. 15C, the magnetic poles of the perma-
nent magnet 205’ are aligned in a direction orthogonal
to the longitudinal axis R of the capsule 202, which sets
the guidance mode to the advancing mode.

[0082] According to the capsule-type endoscope 201’
of this embodiment with the above-described structure,
the guidance mode can be switched easily in the casing
218 by rolling the permanent magnet 205’ through the
operation of the external magnetic field M, as in the cap-
sule-type endoscope 201 according to the first embodi-
ment. Therefore, according to this embodiment, the cap-
sule-type endoscope 201’ featuring a simple mechanism,
superior ease of assembly, low cost, and easy switching
of the guidance mode between the advancing mode and
the orientation-changing mode can be provided.

[0083] In this embodiment, the permanent magnet
205’ is prevented from sliding and reorienting itself in the
casing 218 because it is rolled while the arc-shaped por-
tion 205c¢ thereof is in contact with the wall surface 218a
made of a magnetic material. Alternatively, as shown in
Fig. 16, meshed gears 205d and 218c may be provided
on the arc-shaped portion 205c and on the wall surface
218a of the casing 218 at which the arc-shaped portion
205c rolls. By doing so, the permanent magnet 205’ is
prevented from sliding on the casing 218, which ensures
reliable switching of the magnetic-pole direction.

[0084] Furthermore, as shown in Fig. 17, a pin 205e
may be provided on the permanent magnet 205’, and
furthermore, a cam groove 218d for guiding the pin 205e
may be provided on the casing 218. By doing so, as with
the magnetic gears 205d and 218c, the permanent mag-
net 205’ can be guided reliably for desired movement,
which ensures that the magnetic-pole direction is
changed when the guidance mode is switched.

[0085] Furthermore, the permanent magnet 205’ hav-
ing the arc-shaped portion 205c is not limited to quarter-
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circle fan-shaped ones. Alternatively, a columnar perma-
nentmagnet 205’, as shownin Fig. 18, may be employed.
In this case, to restrict the degree of freedom of the per-
manent magnet 205’ in the casing 218, wall surfaces
218e made of permanent magnets having a south pole
and a north pole oriented towards the inner side of the
casing 218 can be provided at two locations of the casing
218.

Third Embodiment

[0086] Next, a capsule-type endoscope
201" according to a third embodiment of the present in-
vention will be described with reference to Fig. 19A to
Fig. 19C.

Unlike the capsule-type endoscopes 201 and 201’ ac-
cording to the first and second embodiments where the
guidance mode is switched by the external magnetic field
M, the capsule-type endoscope 201" according to this
embodiment switches the guidance mode by a mechan-
ical pressing force F, which is applied externally.
[0087] As shown in Fig. 19A, the capsule-type endo-
scope 201" according to this embodiment includes a per-
manent magnet 205" shaped like a rectangular parallel-
epiped; a pedestal 219 that holds by attraction the per-
manent magnet 205"; a lever 220 pivotably provided on
the pedestal 219; and a pressing rod 221 that presses
the permanent magnet 205" off the pedestal 219 as a
result of being pressed by the lever 220. Furthermore,
the rear-end portion 206b of the capsule 202 is made of
a flexible material and, therefore, is easily deformed
when the external force F is applied, thereby transmitting
the external force F to the lever 220. Reference symbol
220a in the figure denotes the point of the lever 220 to
which the external force F is applied.

[0088] The pedestal 219 includes two attraction sur-
faces 219a and 219b that have a step therebetween.
Each of the attraction surfaces 219a and 219b is made
of a magnetic material in order to hold by attraction the
permanent magnet 205".

The above-described pressing rod 221 is disposed such
that it can move forward and backward through one at-
traction surface 219a of the pedestal 219.

[0089] The capsule-type endoscope 201" of this em-
bodiment with the above-described structure is set to the
advancing mode first, as shown in Fig. 19A, in which the
magnetic poles of the permanent magnet 205" are
aligned in a direction orthogonal to the longitudinal axis
R of the capsule 202. Then, the capsule-type endoscope
201" is rotated about the longitudinal axis R through the
operation of the guidance system 230 to advance the
capsule-type endoscope 201" in a direction along the
longitudinal axis R.

[0090] When the capsule-type endoscope
201" reaches the target position, the rear-end portion
206b of the capsule 202 is pressed against a wall surface
B in the body cavity. To press the rear-end portion 206b,
the capsule-type endoscope 201" isrotated in the reverse
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direction about the longitudinal axis R through the oper-
ation of the guidance system 230 to move the capsule-
type endoscope 201" towards the rear-end portion 206b,
an intense magnet is brought closer from the outside of
the subject A to attract the capsule-type endoscope 201"
in the body by a magnetic attraction force, or other tech-
niques can be used.

[0091] When the rear-end portion 206b of the capsule
202 is pressed against the wall surface B in the body
cavity, the rear-end portion 206b of the capsule 202 is
deformed so that the external force F acts upon the point-
of-force 220a to pivot the lever 220. As a result, the lever
220 presses the pressing rod 221 to cause the tip of the
pressing rod 221 to come out from the attraction surface
219a. The permanent magnet 205" held in contact with
the attraction surface 219a is separated from the attrac-
tion surface 219a and rotates, as shown in Fig. 19B.
[0092] Since the pedestal 219 is provided with a step,
the other magnetic pole, which is different from the mag-
netic pole held in contact with the attraction surface 219a,
is brought close to the other attraction surface 219b as
the permanent magnet 205" rotates. When the other
magnetic pole is moved closer by a predetermined dis-
tance, it comes into contact with the attraction surface
219b due to a magnetic attraction force, as shown in Fig.
19C. In this manner, the permanent magnet 205" rotates
by 90°. In this state, the permanent magnet 205" aligns
its magnetic poles in a direction along the longitudinal
axis R of the capsule 202 to change the guidance mode
to the orientation-changing mode.

[0093] Thereafter, the capsule-type endoscope
201" can bring the front-end portion 206a to a desired
direction through the operation of the external magnetic
field M, and an image of the wall surface in the body
cavity in the vicinity of the target position can be acquired
by freely changing the orientation. Then, when examina-
tion of the area in the vicinity of the target position is
completed, the capsule-type endoscope 201" is dis-
charged by, for example, the peristaltic motion of the body
cavity.

[0094] In this embodiment, the guidance mode is
switched only once from the advancing mode to the ori-
entation-changing mode. Switching may be carried out
in reverse from the orientation-changing mode to the ad-
vancing mode. Furthermore, as shown in Fig. 20, switch-
ing from the advancing mode to the orientation-changing
mode and vice versa may be allowed any number oftimes
by providing, adjacent to the attraction surface 219b, a
second pressing rod 222 that is pressed by the perma-
nent magnet 205" when the orientation-changing mode
is entered.

[0095] Furthermore, although the guidance mode is
switched by rotating the permanent magnets 205, 205’,
and 205" by 90° in the respective foregoing embodi-
ments, alternatively, an electromagnet (not shown in the
figure) whose magnetic poles can be aligned both in the
direction along the longitudinal axis R of the capsule 202
and the direction orthogonal to the longitudinal axis R
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may be provided in the capsule 202, and a magnetic-
pole switching device (not shown in the figure) for switch-
ing the magnetic poles according to an external com-
mand signal may be provided.

[0096] In addition, although the three-axis Helmholtz
coil unit 271 is adopted as the magnetic-field generating
apparatus in each of the foregoing embodiments, the
magnetic-field generating apparatus is not limited to the
Helmholtz type but may be realized by a planar magnetic
device where a plurality of electromagnets is arranged
in a plane to produce a substantially uniform magnetic
field above these electromagnets. Alternatively, other
types of magnetic device may be employed.
Furthermore, although a technique based on an induced
magnetic field is used for the position detection system
in each of the foregoing embodiments, the position de-
tection system is not limited to this technique but can be
realized by any technique as long as the direction of at
least the longitudinal axis R of the capsule-type endo-
scope can be detected.

[0097] Next, embodiments related to an intrasubject
insertion apparatus according to the present invention
will be described with reference to the drawings.

The "spiral mechanism" in each of the foregoing embod-
iments corresponds to the "spiral-structured portion" in
each of the following embodiments. Thus, embodiments
where the spiral mechanism in each of the foregoing em-
bodiments is replaced with the "spiral-structured portion"
in each of the following embodiments are also covered
by the scope of the present invention.

Fourth Embodiment

[0098] Fig. 21 to Fig. 28 relate to a fourth embodiment
of the present invention. Fig. 21 is an overall schematic
drawing depicting the structure of a capsule-medical-ap-
paratus guidance system including the fourth embodi-
ment of the present invention. Fig. 22 is a block diagram
depicting in more detail the structure shown in Fig. 21.
Fig. 23 is a schematic diagram depicting the structure of
a magnetic-field generating apparatus. Fig. 24 is a side
view of the external appearance of a capsule-type med-
ical apparatus. Fig. 25 is a schematic view of the structure
of a capsule-type medical apparatus.

Fig. 26 illustrates how the spiral-outer-diameter of a spi-
ral-structured portion changes as a capsule rear-end por-
tion rotates. Fig. 27 is a schematic view of a first modifi-
cation of the capsule-type medical apparatus of Fig. 25.
Fig. 28 is a schematic view of a second modification of
the capsule-type medical apparatus of Fig. 25.

[0099] As shown in Fig. 21, Fig. 22, and Fig. 23, a
capsule-type-medical-apparatus  guidance  system
(hereinafter, referred to as the capsule guidance system)
1, serving as an intrasubject insertion apparatus, in-
cludes a capsule-type medical apparatus (hereinafter,
referred to just as the capsule) 3, serving as an insertion-
portion main body; a capsule control apparatus (herein-
after, referred to just as the control apparatus) 4; a mag-
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netic-field generating apparatus 5; and an AC power sup-
ply unit 6.

[0100] The above-described capsule 3 is shaped like
a capsule so that it is inserted into the body cavity of a
patient 2 (shown in Fig. 21) to examine the interior of the
body cavity. The above-described control apparatus 4 is
disposed outside the patient 2 and is realized by, for ex-
ample, a personal computer which controls the operation
of this capsule 3 through transmission and reception of
electromagnetic waves to and from the capsule 3 and
receives information transmitted from the capsule 3. The
above-described magnetic-field generating apparatus 5
controls, for example, the direction of a revolving mag-
netic field to be applied to the capsule 3 to guide the
capsule 3 to a desired direction (schematically shown in
Fig. 21). The above-described AC power supply unit 6
supplies AC power for producing a revolving magnetic
field (electromagnetic field, in a broader sense) to the
magnetic-field generating apparatus 5.

[0101] AsshowninFig. 22, the above-described mag-
netic-field generating apparatus 5 includes, for example,
three electromagnets 5a, 5b, and 5c¢. This magnetic-field
generating apparatus 5 can produce a revolving magnet-
ic field in three axial directions based on AC power sup-
plied from the AC power supply unit 6 and controlled by
the control apparatus 4. Fig. 23 schematically depicts the
magnetic-field generating apparatus 5 in the form of (hol-
low, cubic) three-axis Helmholtz coils formed in three ax-
ial directions.

[0102] The capsule 3 includes a magnet 8, serving as
a magnetic-field response portion, that exhibits a force
in response to a revolving magnetic field formed by the
magnetic-field generating apparatus 5. This magnet 8 is
disposed, for example, on the longitudinal central axis of
the capsule 3 such that the magnetic-pole direction of
the magnet 8 is aligned in a direction orthogonal to this
central axis andis secured with, forexample, an adhesive
(not shown in the figure). As a result, in the capsule 3, a
revolving magnetic field produced by the magnetic-field
generating apparatus 5 acts upon the magnet 8, and the
capsule 3 is rotated by a rotary force applied to this mag-
net 8. In short, the magnet 8 constitutes a rotary mech-
anism.

[0103] The above-described magnet 8 is a permanent
magnet such as a neodymium magnet, a samarium co-
balt magnet, a ferrite magnet, an iron/chromium/cobalt
magnet, a platinum magnet, or an alnico (AINiCo) mag-
net. Rare-earth magnets, such as neodymium magnets
and samarium cobalt magnets, have an advantage in
that they exhibit a strong magnetic force and, therefore,
the magnets to be incorporated in the capsule can be
made small. On the other hand, ferrite magnets are ad-
vantageous in terms of their low cost. Platinum magnets
exhibit high levels of corrosion resistance.

[0104] This magnet 8 is not limited to a permanent
magnet but may be made of a coil. In this case, the mag-
net 8 may produce a magnetic force in the coil by electric
current from a power supply unit such as a built-in battery;
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alternatively, a technique for magnetizing the coil by elec-
trical power temporarily charged in a built-in capacitor is
also acceptable. Furthermore, for the magnet 8, a tech-
nique for generating power by an internal coil, instead of
a built-in power supply unit, storing this electrical power
in a capacitor, and magnetizing another coil is also ac-
ceptable. In this case, the magnet 8 can operate for an
extended period of time because it is not subjected to
restrictions due to the capacity of a built-in battery. A
power-generating coil may be made to serve as a magnet
coil also.

[0105] The above-described magnetic-field generat-
ing apparatus 5 is disposed around the patient 2 (refer
to Fig. 22). The AC power supply of the AC power supply
unit 6 is controlled by the control apparatus 4, and the
AC power supply unit 6 causes the magnetic-field gen-
erating apparatus 5 to produce a revolving magnetic field
that acts upon the magnet 8 in a direction in which the
capsule 3 is propelled. As aresult, the capsule 3 inserted
in a passage in the body cavity of the patient 2 can be
propelled (guided) smoothly and efficiently. The direction
of the revolving magnetic field produced by the magnetic-
field generating apparatus 5 can be controlled by oper-
ating an operation input device 9 connected to the control
apparatus 4.

[0106] As shown in Fig. 21, the control apparatus 4
includes a personal computer main body 11, a keyboard
12,amonitor 13, aexternal antenna 14, and the operation
input device 9. The personal computer main body 11 in-
cludes a function for controlling the capsule 3 and (the
AC power supply) of the magnetic-field generating ap-
paratus 5. The keyboard 12 is connected to the personal
computer main body 11 and inputs commands, data, and
so forth. The monitor 13 is connected to the personal
computer main body 11 and displays images etc. The
external antenna 14 is connected to the personal com-
puter main body 11, transmits a control signal for con-
trolling the capsule 3, and receives a signal from the cap-
sule 3. The operation input device 9 is connected to the
personal computer main body 11 and inputs the direction
of a revolving magnetic field etc.

[0107] The control apparatus 4 includes a CPU 15 as
shown in Fig. 22. This CPU 15 generates a control signal
for controlling the capsule 3 and the magnetic-field gen-
erating apparatus 5 based on the input from the keyboard
12 and the operation input device 9 or control programs
stored in, for example, a hard disk 16 (refer to Fig. 22) in
the personal computer main body 11.

[0108] The control signal for controlling the magnetic-
field generating apparatus 5 is transmitted from the per-
sonal computer main body 11 to the AC power supply
unit 6 via a connection cable. Based on this control signal,
the magnetic-field generating apparatus 5 generates a
revolving magnetic field. With the revolving magnetic
field, the magnet 8 in the capsule 3 is magnetically acted
upon and rotated by the revolving magnetic field gener-
ated by the magnetic-field generating apparatus 5, and
thus the capsule 3 is endowed with a force to advance
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by means of a spiral-structured portion (described later).
[0109] The control signal for controlling the capsule 3
passes through an oscillating circuit in the personal com-
puter main body 11, is modulated with a carrier wave
having a predetermined frequency, and sent as electro-
magnetic waves from the external antenna 14. The cap-
sule 3 receives the electromagnetic waves at an antenna
27 (described later), and the control signal is demodulat-
ed and output to various component circuits. Further-
more, the control apparatus 4 receives, at the external
antenna 14, an information (data) signal, such as a video
signal, transmitted from the wireless antenna 27 of the
capsule 3 and displays it on the monitor 13.

[0110] As shown in Fig. 22, in addition to the magnet
8, an objective optical system 21 that forms an optical
image; an imaging element 22 disposed at the image-
forming position; and an illuminating element 23 dis-
posed around the objective optical system 21 are provid-
ed in the capsule 3. Furthermore, in the capsule 3, a
signal processing circuit 24; a memory 25; a wireless
circuit 26; the antenna 27; a capsule control circuit 28;
and a battery 29 are stored.

[0111] The signal processing circuit 24 performs sig-
nal processing on the signal acquired by the imaging el-
ement 22. The memory 25 temporarily stores a digital
video signal generated by the signal processing circuit
24. The wireless circuit 26, modulates a video signal read
out from the memory 25 with a high frequency signal to
convert it into a signal to be transmitted wirelessly, de-
modulates the control signal transmitted from the control
apparatus 4, and so forth. The antenna 27 transmits and
receives electromagnetic waves to and from the external
antenna 14. The capsule control circuit 28 controls the
capsule 3, such as the signal processing circuit 24. The
battery 29 supplies operating power to the electrical sys-
tem including the signal processing circuit 24, in the cap-
sule 3. A motor 30 constituting a spiral-outer-diameter
change-imparting portion is provided in the capsule 3, as
will be described later.

[0112] Furthermore, the personal computer main body
11 constituting the control apparatus 4 includes a wire-
less circuit 31; a data processing circuit 32; the CPU 15;
and the hard disk 16. The wireless circuit 31 is connected
to the external antenna 14 and wirelessly communicates
with the wireless circuit 26 (in the capsule 3). The data
processing circuit 32 is connected to the wireless circuit
31 and carries out data processing, for example, to dis-
play image data sent from the capsule 3. The CPU 15 is
control means for controlling the data processing circuit
32, the AC power supply unit 6, and so forth. The hard
disk 16 stores programs, data, and so forth.

[0113] The operation input device 9 for performing the
operation of setting the direction of a revolving magnetic
field and the keyboard 12 for inputting commands and
data are connected to the CPU 15. The monitor 13 is
connected to the data processing circuit 32. Information,
such as images, acquired by the imaging element 22,
sent via the wireless circuits 26 and 31, and processed
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by the data processing circuit 32 is displayed on this mon-
itor 13. In addition, because images are acquired while
the capsule 3 is rotating, this data processing circuit 32
performs the process of correcting an image to be dis-
played on the monitor 13 so thatthe image has a constant
orientation, thus providing an image that is easy for the
operator to observe.

[0114] As shown in Fig. 24, the capsule 3 includes a
substantially hemispherical front-end cover 41; a sub-
stantially cylindrical capsule main body 42; and a sub-
stantially hemispherical capsule rear-end portion 43. The
front-end cover 41 is formed of a transparent member
and is hermetically connected to the capsule main body
42. The capsule main body 42 is hermetically integrated
with the front-end cover 41. The capsule rear-end portion
43 is designed such that itis rotatable relative to the cap-
sule main body 42 by a predetermined angle while main-
taining a hermetic seal.

[0115] A propulsion-generating spiral-structured por-
tion 44 for converting rotational motion into a propulsion
force through rotation while in contact with a wall in the
lumen is provided on an outer surface 42a of the capsule
main body 42. This spiral-structured portion 44 is wound
spirally around the outer surface 42a of the capsule main
body 42, being separated from the outer surface 42a in
the radial direction.

[0116] The front-end side of the spiral-structured por-
tion 44 extends to the front-end cover 41 via the cylindri-
cal outer circumferential surface of the capsule main
body 42, and a front end 44a thereof is secured at an
intermediate point on the front-end cover 41, more spe-
cifically, at a point outside the viewing angle of the ob-
jective lens 21. Furthermore, arear end 44b of this spiral-
structured portion 44 extends to a point near the bound-
ary of the capsule rear-end portion 43 and is secured at
that point. The spiral-structured portion 44 has a dupli-
cated (double) structure where one spiral-structured por-
tion 44 is provided at a central position of another spiral-
structured portion 44.

[0117] As shown in Fig. 25, the capsule main body 42
and the capsule rear-end portion 43 are rotatably con-
nected to each other via a bearing 45. The motor 30 for
freely rotating the capsule rear-end portion 43 by a pre-
determined angle is provided on the capsule main body
42. This motor 30 is, for example, a pulsed motor. A drive
shaft 30a of this motor 30 is connected to the capsule
rear-end portion 43 through the bearing 45. Therefore,
in the capsule 3, when the motor 30 is rotated by a pre-
determined angle, the capsule rear-end portion 43 is ro-
tated relative to the capsule main body 42 by a predeter-
mined angle.

[0118] By doing so, in the capsule 3, the capsule rear-
end portion 43 is rotated by a predetermined angle ac-
cording to the diameter of a passage in the body cavity,
as shown in Fig. 26, and accordingly, the fixing position
of the rear end 44b of the spiral-structured portion 44
rotates by a predetermined angle and moves in the outer
circumferential direction of the capsule 3 relative to the
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fixing position of the front end 44a of the spiral-structured
portion 44. In this manner, the spiral-outer-diameter of
the spiral-structured portion 44 can be changed. The mo-
tor 30 is connected to a motor control circuit (not shown
in the figure), and this motor control circuit controls and
drives the motor 30 based on a control signal transmitted
from the control apparatus 4.

[0119] Next, the operation of the capsule guidance
system 1 will be described.

Ifthe operator wishes to examine the interior of a passage
in the body cavity of the patient 2, such as a duodenum
51 or a small intestine, as shown in Fig. 21, the patient
2 is first ordered to swallow the capsule 3. The capsule
3 is prepared so that the spiral-structured portion 44 has
a minimum spiral-outer-diameter to help the patient 2
swallow it comfortably.

[0120] Furthermore, just before the patient 2 swallows
the capsule 3, the operator turns on a switch (not shown
in the figure) of the capsule 3 so that electrical power
from the battery 29 is transmitted to, for example, the
illuminating element 23. At the same time, the operator
starts up (turns on) the magnetic-field generating appa-
ratus 5 and performs magnetic control so that the capsule
3 can reach the target site easily in the passage inside
the body cavity with the help of a revolving magnetic field
generated by this magnetic-field generating apparatus 5.
[0121] Asdescribed above, in the capsule 3, when the
revolving magnetic field generated by the magnetic-field
generating apparatus 5 acts upon the magnet 8, the cap-
sule main body 42 rotates due to the effect on this magnet
8.

The capsule 3 is moved forward as the rotation of the
capsule main body 42 generates a propulsion force, upon
contact between the spiral-structured portion 44 and the
wall in the lumen in the passage in the body cavity, and
this propulsion force advances the capsule main body
42 as if a male screw were engaged with a female screw.
Furthermore, along with the rotation of the revolving mag-
netic field, the direction of movement (orientation) of the
capsule 3 is changed while the capsule main body 42 is
rotating so that the rotational plane of the magnet 8 is
aligned with the rotational plane of the revolving magnetic
field. Atthis time, the capsule 3 can be propelled smoothly
towards the target site in the passage inside the body
cavity without experiencing unwanted motion, such as
eccentric motion, of the capsule main body 42.

[0122] The capsule 3 passes through an oral cavity 52
and an esophagus 53 and reaches a stomach 54. If ex-
amination of the stomach 54 is necessary, the operator
performs key input corresponding to a command for start-
ing examination using, for example, the keyboard 12 of
the control apparatus 4. Then, the control signal resulting
from this key input is radiated as electromagnetic waves
via the external antenna 14 of the control apparatus 4
and transmitted to the capsule 3.

[0123] The capsule 3 detects a signal indicating the
start of operation with the signal received at the antenna
27, and the illuminating element 23, the imaging element
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22, the signal processing circuit 24, and so forth are op-
erated. In the capsule 3, the target site in the passage
inside the body cavity is illuminated with illumination light
from the illuminating element 23. Reflected light from the
illuminated target site is acquired as an optical image via
the objective lens 21, focused on the imaging element
22, and subjected to photoelectric conversion. The im-
aging signal from the imaging element 22 is subjected to
A/D conversion, digital signal processing, and finally
compression processing by the signal processing circuit
24. The digital signal subjected to compression process-
ing is stored in the memory 25, modulated in the wireless
circuit 26, and radiated from the antenna 27 as electro-
magnetic waves.

[0124] These electromagnetic waves are received at
the external antenna 14 of the control apparatus 4 and
demodulated at the wireless circuit 31 in the personal
computer main body 11. The demodulated signal is con-
verted into a digital video signal through another A/D con-
version by the data processing circuit 32, stored in a
memory and the hard disk 16 of the data processing cir-
cuit 32, read out at a predetermined speed, and output
to the monitor 13. The optical image acquired by the cap-
sule 3 is displayed in color on the monitor 13.

[0125] The operator observes this monitor image to
see the interior of, for example, the stomach 54 of the
patient 2.

The operator can manipulate operating means, such as
a joystick, of the operation input device 9 to easily control
how to apply an external magnetic force such that the
entire stomach 54 can be viewed. After completing ex-
amination of the stomach 54, the operator can magnet-
ically guide the capsule 3 from the stomach 54 to the
duodenum 51 by controlling the orientation of the revolv-
ing magnetic field generated by the magnetic-field gen-
erating apparatus 5.

[0126] Alsointhe duodenum 51, the operator can pro-
pel the capsule 3 smoothly by controlling the orientation
of the revolving magnetic field so that the capsule 3 ad-
vances along the lumen. Even when the capsule 3 is to
be advanced in a winding passage, like in the small in-
testine, since the spiral ridge 44 extends up to near the
spherical end portion of the capsule main body 42, the
operator can advance the capsule 3 smoothly also in
such a winding passage.

[0127] At this time, based on the monitor image, the
operator can issue a command for setting the spiral-
structured portion 44 of the capsule 3 to have a desirable
spiral-outer-diameter in accordance with the diameter of
the passage inside the body cavity by operating the op-
eration input device 9 or the keyboard 12, thus producing
a desired propulsion force. More specifically, if a suffi-
ciently large propulsion force cannot be produced be-
cause the diameter of the passage inside the body cavity
is too large, compared to the spiral-outer-diameter of the
spiral-structured portion 44, to achieve satisfactorily
close contact between the wall in this lumen and the spi-
ral-structured portion 44, the operator issues a command
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for increasing the spiral-outer-diameter of the spiral-
structured portion 44.

[0128] The operator performs key input corresponding
to the command using, for example, the keyboard 12 of
the control apparatus 4. A control signal resulting from
this key input, is radiated via the external antenna 14 of
the control apparatus 4 as electromagnetic waves and
transmitted to the capsule 3. The capsule 3 detects a
motor control signal from the signal received at the an-
tenna 27, and, based on this motor control signal, the
motor control circuit controls and drives the motor 30. In
the capsule 3, the motor 30 rotates by a predetermined
angle to cause the capsule rear-end portion 43 to rotate
by a predetermined angle relative to the capsule main
body 42 so that the spiral-outer-diameter of the spiral-
structured portion 44 is increased.

[0129] Along with this rotation of the capsule rear-end
portion 43, the spiral-structured portion 44 comes to have
a large spiral-outer-diameter as a result of the fixing po-
sition of the rear end 44b being brought closer to the
fixing position of the front end 44a. Consequently, the
capsule 3 can obtain a sufficiently large propulsion force
since satisfactorily close contact between the wall in the
lumen and the spiral-structured portion 44 is achieved
even when the diameter of the passage inside the body
cavity is large.

[0130] Thereafter, if the spiral-outer-diameter of the
spiral-structured portion 44 is larger than the diameter of
the passage inside the body cavity, the operator issues
a command for reducing the spiral-outer-diameter of the
spiral-structured portion 44. As described above, the con-
trol signal resulting from the key input by the operator is
radiated via the external antenna 14 of the control appa-
ratus 4 as electromagnetic waves and transmitted to the
capsule 3. In the capsule 3, the motor control circuit con-
trols and drives the motor 30 based on the motor control
signal detected from the signal received at the antenna
27.

[0131] In the capsule 3, the motor 30 rotates in the
reverse direction by a predetermined angle to cause the
capsule rear-end portion 43 to rotate in the reverse di-
rection by a predetermined angle relative to the capsule
main body 42 so that the spiral-outer-diameter of the spi-
ral-structured portion 44 becomes small. Along with this
reverse rotation of the capsule rear-end portion 43, the
fixing position of the rear end 44b moves away from the
fixing position of the front end 44a to reduce the spiral-
outer-diameter of the spiral-structured portion 44.
[0132] Consequently, the capsule 3 can obtain a suf-
ficiently large propulsion force since the spiral-outer-di-
ameter of the spiral-structured portion 44 can be reduced
to achieve appropriate contact between the wall in the
lumen and the spiral-structured portion 44 even when
the diameter of the passage inside the body cavity is
small. Thus, the capsule 3 can change the spiral-outer-
diameter of the spiral-structured portion 44 according to
the diameter of the passage inside the body cavity.
[0133] As described above, according to this embod-
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iment, since the spiral-outer-diameter of the spiral-struc-
tured portion 44 can be changed according to the diam-
eter of the passage in the body cavity, a stable propulsion
force can be obtained by ensuring an appropriate spiral
shape of the spiral-structured portion 44. Furthermore,
since the capsule 3 of this embodiment allows the spiral-
outer-diameter to be changed by changing the relative
position between the front end 44a and the rear end 44b
of the spiral-structured portion 44, a simple and compact
structure can be realized. In addition, since the capsule
3 of this embodiment changes the spiral-outer-diameter
of the spiral-structured portion 44 by rotating the capsule
rear-end portion 43 in the circumferential direction, a
change in the spiral-outer-diameter does not adversely
affect the rotation for producing a propulsion force, which
improves the ease of insertion in depth direction of the
passage inside the body cavity.

[0134] Although the fixing position of the rear end 44b
of the spiral-structured portion 44 is shifted relative to the
fixing position of the front end 44a in the capsule 3, the
present invention is not limited to this. The fixing position
of the front end 44a of the spiral-structured portion 44
may be shifted instead. Alternatively, the fixing positions
of both the front end 44a and the rear end 44b may be
shifted.

[0135] Inthe capsule, the capsule rear-end portion 43
may be rotated using the magnet 8 instead of the motor
30. As shown in Fig. 27, in a capsule 3B, the magnet 8,
serving as a rotary mechanism, is secured to the capsule
rear-end portion 43 that is constructed so as to be capa-
ble of rotation with respect to the capsule main body 42
by means of the bearing 45.

[0136] Notonlydoes this capsule 3B rotate the capsule
rear-end portion 43 relative to the capsule main body 42
through the rotation of the magnet 8, but also the capsule
3B rotates the capsule rear-end portion 43 together with
the capsule main body 42 to obtain a propulsion force
for advancement into the passage inside the body cavity.
[0137] More specifically, inthe capsule 3B, the capsule
rear-end portion 43 always rotates in a direction so as to
increase the spiral-outer-diameter of the spiral-struc-
tured portion 44 as a result of the revolving magnetic
field, produced by the magnetic-field generating appara-
tus 5, acting upon the magnet 8. In the capsule 3B, when
the spiral-structured portion 44 comes into contact with
a wall in the lumen, the capsule rear-end portion 43 ro-
tates by a certain angle depending on the load applied
to the spiral-structured portion 44 in contact with this wall
in the lumen and then stops; subsequently, this capsule
rear-end portion 43 and the capsule main body 42 start
to rotate integrally to produce a propulsion force for ad-
vancement into the passage inside the body cavity.
[0138] By doing so, in the capsule 3B, the spiral-struc-
tured portion 44 comes to have an optimal spiral-outer-
diameter according to the contact with the wall in the
lumen, which produces a stable propulsion force by en-
suring an appropriate spiral shape of the spiral-structured
portion 44. According to this modification, not only can
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the spiral-structured portion 44 be made to have an op-
timal spiral-outer-diameter with the help of the magnet
8, serving as a rotary mechanism, but also a propulsion
force can be obtained. Accordingly, a simple and com-
pact structure can be realized. Furthermore, in the cap-
sule 3B of this modification, because a force is always
applied in a direction to cause the spiral-structured por-
tion 44 to come into contact with the wall in the lumen
during rotation, a stable propulsion force is obtained,
which improves the ease of insertion in the depth direc-
tion of the passage inside the body cavity.

[0139] Alternatively, in the capsule, the capsule rear-
end portion 43 may be rotated by a predetermined angle
using a spiral spring. As shown in Fig. 28, in a capsule
3C, the capsule main body 42 and the capsule rear-end
portion 43 are rotatably connected with a spiral spring 46
serving as a rotary mechanism.

[0140] The spiral spring 46 has one end thereof se-
cured to the capsule main body 42 and the other end
thereof secured to the capsule rear-end portion 43 so as
to exert an urging force in a direction to always increase
the spiral-outer-diameter of the spiral-structured portion
44. By doing so, in the capsule 3C, the spiral-structured
portion 44 rotates by a predetermined angle while in con-
tact with the wall in the lumen against the urging force of
the spiral spring 46, and thereby, the spiral-structured
portion 44 comes to have an optimal spiral-outer-diam-
eter according to the contact with the wall in the lumen,
which produces a stable propulsion force by ensuring an
appropriate spiral shape of the spiral-structured portion
44,

[0141] According to this modification, the spiral-outer-
diameter of the spiral-structured portion 44 can be
changed automatically according to the diameter of the
passage inside the body cavity. Furthermore, since the
capsule 3C of this modification does not require energy
for controlling the spiral-outer-diameter of the spiral-
structured portion 44 and is simple in structure, it can be
made small. In addition, since a force in a direction to
increase the spiral-outer-diameter is constantly generat-
ed in the capsule 3C of this modification, the spiral-struc-
tured portion 44 can be held in contact with the wall in
the lumen, which produces a stable propulsion force and
therefore improves the ease of insertion in the depth di-
rection of the passage inside the body cavity.

[0142] Although this embodimentis constructed by ap-
plying the present invention to a capsule functioning as
a capsule-type endoscope for imaging the interior of the
body cavity, the present invention is not limited to this.
The present invention may also be applied to a tissue-
collecting capsule including collecting means for collect-
ing biological tissue; a drug-release capsule that dis-
charges pharmaceutical drugs; and a cauterizing cap-
sule for cauterizing biological tissue.

Fifth Embodiment

[0143] Fig. 29 and Fig. 30 relate to a fifth embodiment
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of the presentinvention. Fig. 29 illustrates a capsule-type
medical apparatus according to the fifth embodiment of
the present invention. Fig. 30 is a schematic view of the
structure of the capsule-type medical apparatus of Fig.
29.

In the fourth embodiment, the spiral-outer-diameter
change-imparting portion is designed so as to change
the spiral-outer-diameter by shifting the fixing position of
one of the front end 44a and the rear end 44b of the
spiral-structured portion 44 in the outer circumferential
direction of the capsule 3. In the fifth embodiment, the
spiral-outer-diameter change-imparting portion is de-
signed to change the spiral-outer-diameter by inflating
and deflating the spiral-structured portion 44 which is
separated from the outer surface 42a of the capsule main
body 42. The components other than the above-de-
scribed point are similar to those in the above-described
fourth embodiment. The same components are denoted
by the same reference numerals, and hence a description
thereof will be omitted.

[0144] As shown in Fig. 29 and Fig. 30, in a capsule
3D of the fifth embodiment, the spiral-structured portion
44 is formed of a coil 47 made of a shape-memory alloy
(hereinafter, abbreviated as "SMA"). Unlike the capsule
in the above-described fourth embodiment, the capsule
rear-end portion 43 of the capsule 3D according to this
embodiment does not rotate but is integral with the cap-
sule main body 42.

[0145] Inthe spiral-structured portion 44, the SMA coil
47 is disposedto pass through an elastic, extensible outer
casing tube 48. A front end 48a of the outer casing tube
48 is secured at an intermediate point on the front-end
cover 41, more specifically, at a point outside the viewing
angle of the objective lens 21, whereas a rear end 48b
of the outer casing tube 48 extends to a point near the
boundary of the capsule rear-end portion 43 and is se-
cured at that point.

[0146] Both ends of the SMA coil 47 extend into the
capsule main body 42, and the SMA coil 47 constitutes
a closed circuit together with the battery 29 and a switch
29b. The switch 29b is turned on/off with, for example, a
control signal transmitted from the control apparatus 4
to supply or stop electrical power from the battery 29 to
the SMA coil 47.

[0147] By doing so, in the spiral-structured portion 44,
the switch 29b is turned on to supply power from the
battery 29 to the SMA coil 47, the SMA coil 47 contracts,
and the outer casing tube 49 also contracts, thereby re-
ducing the overall length of the spiral-structured portion
44 to reduce the spiral-outer-diameter. On the other
hand, when the power is turned off, the overall length of
the spiral-structured portion 44 is restored (increased)
due to the elastic force of the outer casing tube 48, thus
increasing the spiral-outer-diameter of the spiral-struc-
tured portion 44. In short, the SMA coil 47 and the outer
casing tube 49, the switch 29b, and the battery 29 con-
stitute the spiral-outer-diameter change-imparting por-
tion.
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[0148] Therefore, in the capsule 3D, the spiral-outer-
diameter can be changed by inflating and deflating, in
the spiral direction, the spiral-structured portion 44 sep-
arated from the outer surface 42a of the capsule main
body 42. According to this embodiment, not only can sim-
ilar advantages to those in the above-described fourth
embodiment be provided, but also the spiral-outer-diam-
eter can be changed by inflating and deflating the spiral-
structured portion 44 in the spiral direction. This ensures
that the spiral-outer-diameter can be changed without
causing the spiral shape to be deformed.

Sixth Embodiment

[0149] Fig. 31 to Fig. 36 relate to a sixth embodiment
of the presentinvention. Fig. 31 illustrates a capsule-type
medical apparatus according to the sixth embodiment of
the present invention. Fig. 32 illustrates how the spiral-
outer-diameter of a spiral-structured portion changes as
a balloon is inflated or deflated. Fig. 33 illustrates a cap-
sule-type medical apparatus with an inflated balloon. Fig.
34 is a schematic view of a first modification of the cap-
sule-type medical apparatus of Fig. 31. Fig. 35 is a sche-
matic view of a second modification of the capsule-type
medical apparatus of Fig. 31. Fig. 36 is a schematic view
of a third modification of the capsule-type medical appa-
ratus of Fig. 31.

[0150] Inthe above-described fourth embodiment, the
spiral-outer-diameter change-imparting portion is de-
signed so as to change the spiral-outer-diameter by shift-
ing the fixing position of one of the front end 44a and the
rear end 44b of the spiral-structured portion 44 in the
outer circumferential direction of the capsule 3. The sixth
embodiment is constructed so as to provide a balloon
between the capsule main body 42 and the spiral-struc-
tured portion and to change the spiral-outer-diameter of
the spiral-structured portion by inflating and deflating this
balloon. The components other than the above-de-
scribed point are similar to those in the above-described
fourth embodiment. The same components are denoted
by the same reference numerals, and hence a description
thereof will be omitted.

[0151] As shown in Fig. 31 to Fig. 33, in a capsule 3E
of the sixth embodiment, a balloon (elastic membrane)
61 covering the capsule main body 42 is provided, and
a spiral-structured portion 44E formed of an extensible
elastic member such as an elastic tube or rubber or a
tube 62 such as resin is provided on the outer circumfer-
ential surface of this balloon 61.

[0152] A cylinder portion 63 serving as balloon-infla-
tion/deflation means for supplying/sucking a fluid such
as gas or liquid to/from the balloon 61 is provided in the
capsule main body 42. The balloon 61 communicates
with a connection duct 65 via a through-hole 64 formed
in the capsule main body 42, and this connection duct
65 communicates with a through-hole 67 formed in a cyl-
inder wall of the cylinder portion 63.

[0153] In the cylinder portion 63, a piston 68b is pro-



37 EP 1932 462 A1

vided at one end of an SMA wire 68a serving as a piston
rod, and the other end is secured to a cylinder inner wall.
Furthermore, in the cylinder portion 63, a coil spring 68c
that constantly urges the piston 68b in adirection toinflate
the balloon 61 is provided on the side where the SMA
wire 68a is disposed.

[0154] As with the SMA coil 47 of the above-described
fifth embodiment, the SMA wire 68a constitutes a closed
circuitwith a battery and a switch (not shown in the figure),
and the switch is turned on/off by, for example, a control
signal transmitted from the control apparatus 4 to supply
or stop electrical power from the battery. When the switch
is turned on and power is supplied from the battery, the
SMA wire 68a contracts against the urging force of the
coil spring 68c to slide the piston 68b along the cylinder
inner wall in a direction to contract the balloon 61.
[0155] Thus, in the cylinder portion 63, the coil spring
68c always exert an urging force to slide the piston 68b
in a direction to increase the spiral-outer-diameter of the
spiral-structured portion 44E, thereby supplying a fluid
toinflate the balloon 61. On the other hand, in the cylinder
portion 63, when the SMA wire 68a is supplied with pow-
er, this SMA wire 68a contracts against the urging force
of the coil spring 68c to slide the piston 68b along the
cylinder inner wall in a direction to decrease the spiral-
outer-diameter of the spiral-structured portion 44E,
thereby sucking the fluid to contract the balloon 61. In
short, the cylinder portion 63 constitutes the spiral-outer-
diameter change-imparting portion.

[0156] By doing so, in the capsule 3E, the balloon 61
is provided between the capsule main body 42 and the
spiral-structured portion 44E, and the spiral-outer-diam-
eter of the spiral-structured portion 44E can be changed
by inflating and deflating this balloon 61. The balloon 61
may be pre-compacted by a water-soluble substance
compatible with living organisms, such as glycocalyx, so
that the capsule 3E can be swallowed easily.

[0157] According to thisembodiment, notonly can sim-
ilar advantages to those in the above-described fourth
embodiment be provided, but also the spiral-outer-diam-
eter of the spiral-structured portion 44E can be changed
by providing the balloon 61 between the capsule main
body 42 and the spiral-structured portion 44E and inflat-
ing and deflating this balloon 61. This ensures that the
spiral-outer-diameter can be changed without causing
the spiral shape to be deformed.

[0158] For the capsule, the cylinder portion may be
embodied by an actuator instead of the SMA wire 68a.
As shown in Fig. 34, a cylinder portion 63F provided in
a capsule 3F includes an actuator 69 for pushing and
pulling a piston rod 69a.

[0159] The piston rod 69a meshes with the actuator
69 through a through-hole 69b formed in the cylinder in-
ner wall. The actuator 69 is an axially moving actuator
that includes a pinion (not shown in the figure) meshing
with the piston rod 69a and rotates this pinion with a motor
(not shown in the figure) to push and pull the piston rod
69a in the axial direction. This actuator 69 is connected
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to a control circuit (not shown in the figure), which controls
anddrives the actuator 69 based on a control signal trans-
mitted from the control apparatus 4.

[0160] Therefore, the cylinder portion 63F moves the
piston rod 69a forward in the axial direction by the actu-
ator 69 to slide the piston 68b in a direction to increase
the spiral-outer-diameter of the spiral-structured portion
44E, thereby supplying a fluid to inflate the balloon 61.
On the other hand, the cylinder portion 63F moves the
piston rod 69a backward in the axial direction by the ac-
tuator 69 to slide the piston 68b along the cylinder inner
wall in a direction to reduce the spiral-outer-diameter of
the spiral-structured portion 44E, thereby sucking the flu-
id to contract the balloon 61. Consequently, as in the
above-described sixth embodiment, the capsule 3F can
change the spiral-outer-diameter of the spiral-structured
portion 44E.

[0161] Furthermore, in the capsule, the cylinder por-
tion may include only the coil spring 68c and the piston
68b. As shown in Fig. 35, a cylinder portion 63G provided
in a capsule 3G includes only the coil spring 68c and the
piston 68b.

[0162] The coil spring 68c constantly urges the piston
68b in a direction to inflate the balloon 61. By doing so,
in the capsule 3G, the spiral-structured portion 44E is
subjected to an external force in contact with the wall in
the lumen against the urging force of the coil spring 68c,
and thereby, the spiral-structured portion 44E comes to
have an optimal spiral-outer-diameter according to the
contact with the wall in the lumen, which produces a sta-
ble propulsion force by ensuring an appropriate spiral
shape of the spiral-structured portion 44E.

[0163] According to this modification, the spiral-outer-
diameter of the spiral-structured portion 44E can be
changed automatically according to the diameter of the
passage inside the body cavity. Furthermore, since the
capsule 3G of this modification does not require energy
for controlling the spiral-outer-diameter of the spiral-
structured portion 44E and is simple in structure, it can
be made small. In addition, since a force in a direction to
increase the spiral-outer-diameter constantly exists in
the capsule 3G of this modification, the spiral-structured
portion 44E can be held in contact with the wall in the
lumen, which produces a stable propulsion force and
therefore improves the ease of insertion in the depth di-
rection of the passage inside the body cavity.

[0164] In addition, the capsule may be constructed so
as to inflate the balloon 61 using an inflatant. As shown
in Fig. 36, a capsule 3H includes an inflatant storage
section 71, a pump 72, and a water tank 73 as balloon-
inflation/deflation means in the capsule main body 42.
[0165] The inflatant storage section 71 is constructed
so as to urge a plurality of inflatant tablets 74 stored in a
storage compartment 71a onto a wall surface of the stor-
age compartment 71a by a coil spring 75. A through-hole
72a communicating with the connection duct 65 and a
through-hole 71¢c communicating with a connection duct
76 connecting to the pump 72 are formed in this storage
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compartment 71a. The through-hole 71c is formed at a
location where the inflatant tablet 74 located at the end-
most position due to the urging force of the coil spring 75
is splashed with water supplied from the water tank 73
via the pump 72.

[0166] The pump 72 sucksthe water stored inthe water
tank 73 via a connection duct 77 connecting to the water
tank 73 and supplies the water to the inflatant tablet 74
of the inflatant storage section 71 via the through-hole
71c. The pump 72 is connected to a pump control circuit
(not shown in the figure), which controls and drives the
pump 72 based on a control signal transmitted from the
control apparatus 4.

[0167] By doing so, the inflatant storage section 71 re-
ceives water from the water tank 73 via the pump 72 and
causes the endmost inflatant tablet 74 to vaporize
through reaction with this supplied water to inflate the
balloon 61. The inflatant tablets 74 include, for example,
sodium hydrogen carbonate and tartaric acid as the main
ingredients and produce carbon dioxide through this re-
action.

[0168] The balloon 61 is provided with a pressure re-
lease valve (not shown in the figure) so as to automati-
cally release gas when the pressure exceeds a prede-
termined value. The pressure release valve may be a
pressure-regulating valve so as to actively control the
expansion of the balloon 61. When this balloon 61 is to
be inflated, the inflatant tablet 74 that comes to the end-
most position through the urging force of the coil spring
75 is reacted.

[0169] By doing so, as in the above-described sixth
embodiment, the capsule 3H can change the spiral-out-
er-diameter of the spiral-structured portion 44E. Accord-
ing to this modification, since pressure for inflating the
balloon 61 can be produced through chemical reaction,
only a small quantity of energy is required to inflate the
balloon 61. This reduces energy consumption and reduc-
es the size of the battery. In the capsule 3H, instead of
providing the water tank 73 in the capsule main body 42,
a bodily fluid of the subject may be sucked into the cap-
sule main body 42, causing the inflatant tablets 74 to
react with the bodily fluid.

Seventh Embodiment

[0170] Fig. 37 to Fig. 40 relate to a seventh embodi-
ment of the present invention. Fig. 37 illustrates a cap-
sule-type medical apparatus according to the seventh
embodiment of the present invention. Fig. 38 is a sche-
matic view of the structure of the capsule-type medical
apparatus of Fig. 37. Fig. 39 illustrates a modification of
the capsule-type medical apparatus of Fig. 37. Fig. 40 is
a schematic view of the structure of the capsule-type
medical apparatus of Fig. 39.

[0171] In the above-described fourth embodiment to
sixth embodiment, the magnet provided in the capsule
is acted upon by a revolving magnetic field generated by
the magnetic-field generating apparatus provided around
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the patient, thus rotating the capsule. The seventh em-
bodiment is constructed so as to include a motor in the
capsule to cause this capsule to rotate autonomously.
The components other than the above-described point
are similar to those in the above-described fourth em-
bodiment. The same components are denoted by the
same reference numerals, and hence adescription there-
of will be omitted.

[0172] As shown in Fig. 37 and Fig. 38, a capsule 100
of the seventh embodiment includes a capsule main body
101 and a rotary base 102 for rotating this capsule main
body 101.

Although not shown in the figure, the capsule main body
101 includes components such as the signal processing
circuit 24, the memory 25, the wireless circuit 26, the
antenna 27, the capsule control circuit 28, and the battery
29, in addition to the objective optical system 21, the im-
aging element 22, and the illuminating element 23, which
are similar to those in above-described fourth embodi-
ment. In addition, as in the above-described sixth em-
bodiment, the capsule main body 101 is provided with
the balloon 61 covering the capsule main body 101 and
the spiral-structured portion 44E formed of the tube 62,
serving as an elastic member, on the outer circumferen-
tial surface of this balloon 61. As in the above-described
sixth embodiment or modifications thereof, the capsule
main body 101 includes balloon-inflation/deflation means
for inflating and deflating the balloon 61. In addition, the
balloon 61 may be pre-compacted by a water-soluble
substance compatible with living organisms, such as gly-
cocalyx, so thatthe capsule 100 can be swallowed easily.
[0173] The rotary base 102 includes a motor 103 as a
rotary mechanism for rotating the capsule main body 101.
This motor 103 is, for example, a rotary motor. A motor
shaft 103a of the motor 103 is firmly fitted with a rear-
end portion of the capsule main body 101 and rotates
the capsule main body 101 relative to the rotary base 102.
[0174] By doing so, the capsule main body 101 rotates
relative to the rotary base 102 due to the rotary force of
the motor 103, and the spiral-structured portion 44E con-
verts this rotation into propulsion (propulsion force) to
produce a propulsion force in the spiral axial direction
(the direction of a spiral axis 104). The motor 103 is sup-
plied with power from a second battery 105 provided in
the rotary base 102.

[0175] In addition, a plurality of grooves 106 parallel
to the longitudinal axis is formed on the outer surface of
the rotary base 102. By doing so, the capsule 100 pre-
vents the rotary base 102 from rotating relative to the
wall in the lumen without preventing propulsion. In the
rotary base 102, angle-detection means (not shown in
the figure) for angle-correcting images may be provided
in the motor 103. In this case, the capsule 100 externally
transmits angle information, associated with information
(data) signal such as a video signal, from the angle-de-
tection means.

[0176] The capsule 100 with the above-described
structure is swallowed by the patient and inserted into
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the passage inside the body cavity. The capsule 100 is
supplied with power from the second battery 105, and
thereby the motor 103 is driven to rotate the capsule main
body 101. The capsule main body 101 receives a rotary
force from the motor shaft 103a of the motor 103 and
rotates relative to the rotary base 102 with this rotary
force of the motor 103. At this time, as described above,
the rotary base 102 prevents rotation relative to the wall
in the lumen without preventing propulsion by means of
the grooves 106 formed on the outer surface thereof.
[0177] In the capsule 100, the rotation of the capsule
main body 101 generates a propulsion force, at the point
of contact between the spiral-structured portion 44E and
the wall in the lumen, and this propulsion force advances
the capsule main body 101 as if a male screw were en-
gaged with a female screw. As a result, the capsule main
body 101 produces a propulsion force in the spiral axial
direction (direction of the spiral axis 104), and thereby
the capsule 100 can move forward.

[0178] According to this embodiment, not only can ad-
vantages similar to those in the above-described fourth
embodiment be provided, but also the capsule 100 can
autonomously move because of the built-in motor 103
functioning as a rotary mechanism. Therefore, an exter-
nal apparatus, such as the magnetic induction apparatus
including the magnetic-field generating apparatus 5 and
the AC power supply unit 6, is not required. This allows
the overall size of the system to be reduced.

[0179] In the capsule 100 of this embodiment, as in
the above-described sixth embodiment, the balloon 61
is provided between the capsule main body 101 and the
spiral-structured portion 44E, and the spiral-outer-diam-
eter of the spiral-structured portion 44E is changed by
inflating and deflating this balloon 61. However, the
present invention is not limited to this, and the spiral-
outer-diameter of the spiral-structured portion 44 may be
changed by providing a mechanism similar to that in the
above-described fourth embodiment or fifth embodiment.
[0180] The capsule may be constructed by providing
two of the capsule main bodies 101 with the rotary base
102 interposed therebetween. As shown in Fig. 39 and
Fig. 40, the capsule 100B is constructed by providing two
of the capsule main bodies 101 with the rotary base 102
interposed therebetween.

[0181] More specifically, the capsule 100B includes
the rotary base 102; and a front capsule body 101a and
arear capsule body 101b that rotate relative to the rotary
base 102 by a first motor 106a and a second motor 106b
mounted on this rotary base 102. The front capsule body
101a and the rear capsule body 101b are constructed
such that the spiral-structured portions 44E formed in the
balloons 61 are oriented opposite to each other. The term
"front" is defined as the direction in which the imaging
element 22 faces.

[0182] The first motor 106a for rotating the front cap-
sule body 101a; the second motor 106b for rotating the
rear capsule body 101b; and the second battery 105 that
supplies power for driving the first motor 106a and the
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second motor 106b are provided in the rotary base 102.
As aresult, even when the capsule 100B cannot advance
in the case where one capsule main body 101 (the front
capsule body 101a or the rear capsule body 101b) is not
in contact with the wall in the lumen, the capsule 100B
can move forward by assisting the other capsule main
body 101 (the rear capsule body 101b or the front capsule
body 101a) to come into contact with the wallin the lumen.
[0183] Although, in the capsule 100B, the spiral-struc-
tured portions 44E provided in the front capsule body
101a and the rear capsule body 101b are wound in the
opposite directions to each other, the present invention
is not limited to this. The spiral-structured portions 44E
may be wound in the same directions. In this case, the
front capsule body 101a and the rear capsule body 101b
rotate so as to have the same propulsion direction.

Eighth Embodiment

[0184] Fig. 41 and Fig. 42 relate to an eighth embod-
iment of the present invention. Fig. 41 illustrates an en-
doscope insertion portion according to an eighth embod-
iment of the present invention. Fig. 42 is a schematic
view of the structure of the endoscope insertion portion
of Fig. 31.

The above-described fourth embodiment to the seventh
embodiment are constructed as an intrasubject insertion
apparatus by applying the present invention to a capsule
that is movable independently in a passage inside the
body cavity. The eighth embodiment is constructed by
applying the present invention to an endoscope insertion
portion that has at a tip thereof a capsule-shaped portion
as an intrasubject insertion apparatus. The components
other than the above-described point are similar to those
in the above-described fourth embodiment. The same
components are denoted by the same reference numer-
als, and hence a description thereof will be omitted.
[0185] As shownin Fig. 41 and Fig. 42, an endoscope
insertion portion 110, serving as an intrasubject insertion
apparatus of the eighth embodiment, includes a capsule-
shaped portion 112 at a tip of an elongated, flexible in-
sertion tube 111 that is inserted into the passage inside
the body cavity.

[0186] As inthe above-described eighth embodiment,
the capsule-shaped portion 112 is provided with the bal-
loon 61 on an outer surface 112a of the capsule-shaped
portion 112, and furthermore, the spiral-structured por-
tion 44E formed of the tube 62, serving as an elastic
member, is provided on the outer circumferential surface
of this balloon 61. The balloon 61 may be pre-compacted
by a water-soluble substance compatible with living or-
ganisms, such as glycocalyx, so that the capsule-shaped
portion 112 can be swallowed easily. The capsule-
shaped portion 112 is integrally formed by securing a
front-end container 113 and a rear-end container 114
with an adhesive. Although not shown in the figure, the
front-end container 113 includes components such as
the objective optical system 21, the imaging element 22,



43

and the illuminating element 23 similar to those in above-
described fourth embodiment.

[0187] A front-end side of the insertion tube 111 is at-
tached to the rear-end container 114, which is rotatable
relative to this insertion tube 111 by means of bearings
115. A hermetic structure is achieved with an O ring 116
between the rear-end container 114 and the insertion
tube 111. By doing so, in the capsule main body 112, the
front-end container 113 and the rear-end container 114
are integrally rotatable relative to the insertion tube 111.
[0188] A motor 117 thatintegrally rotates the front-end
container 113 and the rear-end container 114 is attached
to a front-end side of the insertion tube 111. A motor
storage compartment 118 for accommodating the motor
117 is provided in the front-end container 113. A motor
shaft 117a of the motor 117 is fitted to a storage wall of
the motor storage compartment 118. By doing so, the
motor 117 can rotate the capsule-shaped portion 112
relative to the insertion tube 111.

[0189] A through-hole 119 extending from the motor
storage compartment 118 to the outer circumferential
surface is formed in the front-end container 113 so that
air can be supplied to the balloon 61 via the motor storage
compartment 118. A duct 120 for supplying air to the
balloon 61 is formed in the insertion tube 111. Signal
lines, such as the signal line for transmitting video signals
received from the imaging element 22 and the power
supply line of the motor 117, are routed in this duct.
[0190] The rear end of the insertion tube 111 is con-
nected to a control apparatus (not shown in the figure).
This control apparatus is provided with a compressor for
supplyingairinto the balloon 61, as well as a motor control
circuit for controlling/driving the motor 117 and a data
processing circuit for processing, for example, video sig-
nals.

[0191] The endoscope insertion portion 110 with the
above-described structure is inserted into the passage
inside the body cavity. The endoscope insertion portion
110 is supplied with power from the control apparatus,
and thereby, the motor 117 is driven to rotate the capsule-
shaped portion 112. The endoscope insertion portion 110
is moved forward as the rotation of the capsule-shaped
portion 112 generates a propulsion force, at the point of
contact between the spiral-structured portion 44E and
the wall in the lumen, and this propulsion force advances
the capsule-shaped portion 112 as if a male screw were
engaged with a female screw.

[0192] At this time, if a sufficiently large propulsion
force cannot be produced because the diameter of the
passage inside the body cavity is too large, compared to
the spiral-outer-diameter of the spiral-structured portion
44E, to achieve satisfactorily close contact between the
wall in this lumen and the spiral-structured portion 44E,
the operator operates the control apparatus to increase
the spiral-outer-diameter of the spiral-structured portion
44E. The control apparatus drives the compressor to sup-
ply air into the endoscope insertion portion 110.

[0193] The endoscope insertion portion 110 is sup-
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plied with air via the duct 120 of the insertion tube 111,
and this air is guided from the motor storage compartment
118 of the capsule-shaped portion 112 to the balloon 61
via the through-hole 119. The balloon 61 inflates to in-
crease the spiral-outer-diameter of the spiral-structured
portion 44E. Consequently, the endoscope insertion por-
tion 110 can obtain a sufficiently large propulsion force
since the spiral-outer-diameter of the spiral-structured
portion 44E can be increased to achieve appropriate con-
tact between the wall in the lumen and the spiral-struc-
tured portion 44E.

[0194] In contrast, if the spiral-outer-diameter of the
spiral-structured portion 44E exceeds the diameter of the
passage in the body cavity, the operator operates the
control apparatus to reduce the spiral-outer-diameter of
the spiral-structured portion 44E. The control apparatus
drives the compressor to suck air from the endoscope
insertion portion 110. In this case, in the endoscope in-
sertion portion 110, air is sucked from the balloon 61 via
the route inthe opposite directionto thatinthe case where
air is supplied. The balloon 61 contracts to reduce the
spiral-outer-diameter of the spiral-structured portion 44E.
[0195] Consequently, the endoscope insertion portion
110 can obtain a sufficiently large propulsion force since
the spiral-outer-diameter of the spiral-structured portion
44E can be reduced to achieve appropriate contact be-
tween the wall in the lumen and the spiral-structured por-
tion 44E. Thus, the endoscope insertion portion 110 can
change the spiral-outer-diameter of the spiral-structured
portion 44E according to the diameter of the passage
inside the body cavity.

[0196] As described above, according to this embod-
iment, since the spiral-outer-diameter of the spiral-struc-
tured portion 44E can be changed according to the di-
ameter of the passage in the body cavity, a stable pro-
pulsion force can be obtained by ensuring an appropriate
spiral shape of the spiral-structured portion 44E. In ad-
dition, since air is supplied from the insertion tube 111 in
the endoscope insertion portion 110 of this embodiment,
the capsule-shaped portion 112 does not need toinclude,
for example, a pump and therefore, the size of the cap-
sule-shaped portion 112 can be reduced. Furthermore,
according to the endoscope insertion portion of this em-
bodiment, air supply to the balloon 61 and air discharge
from the balloon 61 can be carried out by directly oper-
ating the control apparatus close at hand. This ensures
high operability. The endoscope insertion portion 110
may be constructed such thatthe capsule-shaped portion
112 is detachable from the insertion tube 111.

[0197] Furthermore, as in the above-described sixth
embodiment, the endoscope insertion portion 110 of this
embodiment is constructed to have the balloon 61 be-
tween the capsule-shaped portion 112 and the spiral-
structured portion 44E and to change the spiral-outer-
diameter of the spiral-structured portion 44E by inflating
and deflating this balloon 61. The present invention is
not limited to this, however, and the spiral-outer-diameter
of the spiral-structured portion 44 may be changed by
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providing a mechanism similar to that in the above-de-
scribed fourth embodiment or fifth embodiment.

[0198] Furthermore, although the endoscope insertion
portion 110 is constructed by providing the balloon 61 on
the capsule-shaped portion 112 at the front-end portion
and forming the spiral-structured portion 44E on this bal-
loon 61. The present invention is not limited to this. The
balloon 61 may be provided at a plurality of locations on
the insertion tube 111, and the spiral-structured portions
44E may be formed on these balloons 61.

[0199] Furthermore, although this embodiment is con-
structed by applying the present invention to the endo-
scope insertion portion 110, the present invention is not
limited to this.

The present invention may be applied to, for example, a
probe having a capsule-shaped portion at a tip thereof
and an insertion tool for guiding an endoscope insertion
portion deep inside the passage in the body cavity.
[0200] Embodiments realized by combining part of
each of the above-described first embodiment to eighth
embodiment also constitute the present invention.

Claims

1. A capsule-type medical apparatus which is inserted
into the body of a subjectand is guided by an external
magnetic field, the capsule-type medical apparatus
comprising:

a substantially cylindrical capsule;

a propulsion mechanism for converting rotary
motion about a longitudinal axis of the capsule
into propulsive motion along the longitudinal ax-
is;

a magnet accommodated inside the capsule
and disposed in such a manner that a magnetic-
pole direction thereof can be switched between
a direction along the longitudinal axis and a di-
rection intersecting the longitudinal axis; and

a securing portion for securing the magnet to
the capsule in each of the switched states of the
magnetic-pole direction.

2. The capsule-type medical apparatus according to
Claim 1, wherein the propulsion mechanism is a spi-
ral mechanism provided on an outer circumferential
surface of the capsule.

3. The capsule-type medical apparatus according to
Claim 1 or Claim 2, wherein
the magnet is made of a permanent magnet, and
the securing portion includes an engagement mem-
ber which is engaged with the magnet at a location
where magnetic poles are oriented in a direction
along the longitudinal axis and at a location where
the magnetic poles are oriented in a direction inter-
secting the longitudinal axis.
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4. The capsule-type medical apparatus according to
Claim 1 or Claim 2, wherein
the magnet is made of a permanent magnet, and
the securing portion includes a magnetic material
which is held in contact with the magnet at a location
where the magnetic poles are oriented in a direction
along the longitudinal axis and at a location where
the magnetic poles are oriented in a direction inter-
secting the longitudinal axis.

5. The capsule-type medical apparatus according to
one of Claims 1 to 4, comprising a magnetic-pole-
direction switching device for switching the magnet-
ic-pole direction of the magnet.

6. The capsule-type medical apparatus according to
Claim 1 or Claim 2, comprising:

a magnetic-pole-direction switching device for
switching the magnetic-pole direction of the
magnet, wherein

the magnet is made of a permanent magnet,
the securing portion includes an electromagnet
which is held in contact with the magnet at a
location where the magnetic poles are oriented
in a direction along the longitudinal axis and at
alocation where the magnetic poles are oriented
in a direction intersecting the longitudinal axis,
and

the magnetic-pole-direction switching device in-
cludes a magnetic-pole switching device for
switching the magnetic poles of the electromag-
net.

7. The capsule-type medical apparatus according to
Claim 1 or Claim 2, comprising:

a magnetic-pole-direction switching device for
switching the magnetic-pole direction of the
magnet, wherein

the magnetis made of a permanent magnet, and
the magnetic-pole-direction switching device in-
cludes a motor for pivoting the magnet about an
axis along a radial direction of the capsule.

8. The capsule-type medical apparatus according to
Claim 3 or Claim 4, comprising:

a magnetic-pole-direction switching device for
switching the magnetic-pole direction of the
magnet, wherein

the magnetic-pole-direction switching device in-
cludes a motor for pivoting the magnet about an
axis along a radial direction of the capsule.

9. The capsule-type medical apparatus according to
Claim 1 or Claim 2, comprising:
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a magnetic-pole-direction switching device for
switching the magnetic-pole direction of the
magnet, wherein

the magnet is made of an electromagnet, and
the securing portion and the magnetic-pole-di-
rection switching device include a magnetic-
pole switching device for switching and holding
the magnetic poles of the electromagnet.

The capsule-type medical apparatus according to
Claim 2, wherein

the spiral mechanism is separated from an outer sur-
face of the capsule, and

the capsule-type medical apparatus includes a spi-
ral-outer-diameter change-imparting portion for
changing a spiral-outer-diameter of the spiral mech-
anism which is separated in a diameter direction with
respect to the outer surface of the capsule.

The capsule-type medical apparatus according to
Claim 10, wherein

the spiral-outer-diameter change-imparting portion
secures either one end or the other end of the spiral
mechanism movably in an outer circumferential di-
rection of the capsule and changes the spiral-outer-
diameter of the spiral mechanism by moving the se-
curing position in the outer circumferential direction
of the capsule.

The capsule-type medical apparatus according to
Claim 10, wherein

the spiral-outer-diameter change-imparting portion
changes the spiral-outer-diameter of the spiral
mechanism which is separated from the outer sur-
face ofthe capsule by inflating and deflating the spiral
mechanism in a spiral direction.

The capsule-type medical apparatus according to
Claim 10, wherein

the spiral-outer-diameter change-imparting portion
provides a balloon between the capsule and the spi-
ral mechanism and changes the spiral-outer-diam-
eter of the spiral mechanism by inflating and deflating
the balloon.

A capsule-type medical-apparatus guidance system
comprising:

a capsule-type medical apparatus according to
one of Claims 1 to 13;

a magnetic-field generating apparatus, dis-
posed outside a working area of the capsule-
type medical apparatus, for generating an ex-
ternal magnetic field which acts on the magnet
inside the capsule-type medical apparatus; and
amagnetic-field control apparatus for controlling
the external magnetic field acting on the magnet
from the magnetic-field generating apparatus.
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15. The capsule-type medical-apparatus guidance sys-

tem according to Claim 14, comprising:

a capsule-orientation detection apparatus for
detecting an orientation of the capsule-type
medical apparatus, wherein

the magnetic-field control apparatus controls a
direction of the external magnetic field at a po-
sition of the capsule-type medical apparatus ac-
cording to the orientation of the capsule-type
medical apparatus detected by the capsule-ori-
entation detection apparatus.

16. Acapsule-type medical-apparatus guidance method

for guiding a capsule-type medical apparatus ac-
cording toone of Claims 1to 13, comprising the steps
of:

propelling the capsule-type medical apparatus
in the longitudinal direction by switching and fix-
ing the magnetic-pole direction of the magnet to
the direction intersecting the longitudinal direc-
tion and applying an external magnetic field
which rotates about the longitudinal axis; and
changing the propulsion direction of the cap-
sule-type medical apparatus by switching and
fixing the magnetic-pole direction of the magnet
to the direction along the longitudinal axis and
applying an external magnetic field which is
formed in an arbitrary direction.

17. An intrasubject insertion apparatus comprising:

an insertion portion main body for insertion into
a subject;

a rotation mechanism for rotating the insertion
portion main body;

a spiral-structured portion which converts rotary
motion of the insertion portion main body due to
the rotating mechanism into a propulsive force
and which is separated in a diameter direction
with respect to an outer surface of the insertion
portion main body; and

a spiral-outer-diameter change-imparting por-
tion for changing a spiral-outer-diameter of the
spiral-structured portion which is separated in
the diameter direction with respect to the outer
surface of the insertion portion main body.

18. The intrasubject insertion apparatus according to

Claim 17, wherein

the spiral-outer-diameter change-imparting portion
secures either one end or the other end of the spiral-
structured portion movably in an outer circumferen-
tial direction of the insertion-portion main body and
changes the spiral-outer-diameter of the spiral-struc-
tured portion by moving the securing position in the
outer circumferential direction of the insertion-por-
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tion main body.

The intrasubject insertion apparatus according to
Claim 17, wherein

the spiral-outer-diameter change-imparting portion
changes the spiral-outer-diameter of the spiral-struc-
tured portion which is separated from the outer sur-
face of the insertion-portion main body by inflating
and deflating the spiral-structured portion in a spiral
direction.

The intrasubject insertion apparatus according to
Claim 17, wherein

the spiral-outer-diameter change-imparting portion
provides a balloon between the insertion-portion
main body and the spiral-structured portion and
changes the spiral-outer-diameter of the spiral-struc-
tured portion by inflating and deflating the balloon.
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